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ABSTRACT

Invasive exotic plants exert serious negative impact on Australian natural and
agricultural ecosystems. About 94% of the exotic plant species are imported by
the gardening industry and offered to retail consumers, who are usually
gardeners. Thus, gardeners’ plant choice (choosing native or non-native garden
plants) and bush-friendly behaviour (weeding and bush-restoration in reserves
neighbouring their gardens) are especially important for weed management at
the bushland/garden interface. The overall aim of this study is to analyse and
understand the garden-related behaviours of Wollongong (NSW, Australia)
residents who live adjacent to ecologically significant bushland using
environmental behaviour theory. To achieve the overall aim, this study has
several objectives: clarify the garden-related behaviours and plant procurement
of the targeted residents, and identify the factors that influence those people’s
garden-related environmental behaviour (plant choice and bush-friendly
behaviour). These focuses are important for biodiversity conservation which is
subject to weed invasion from domestic gardens. The effect of self-control, time
pressure and knowledge of weed-control initiatives on the behaviours were
especially examined in consideration of their potential to improve the prediction
of pro-environmental behaviour. A mail survey was conducted (382 respondents).
Data was analysed mainly using regression analysis and structural equation
modelling (SEM). The path models for SEM are based on the theory of reasoned
action (TRA) with additional variables.

The results mainly indicated: 1. Nurseries are the main source of garden plants
and information about choosing garden plants for most survey respondents, but
those who mainly get garden plants from nurseries do not obtain a higher
proportion of native plants than others; 2. Plant choice and bush-friendly
XII

behaviour are most associated with the corresponding intentions, and the key
predictors of intentions include attitude, perceived harm and knowledge of
weed-control initiatives; 3. Subjective norm as an original component of the TRA
is not significantly related to intentions; 4. Self-control significantly explains
intention to increase the proportion of native garden plants; 5. Time pressure
significantly explains bush-friendly behaviour, and interacts with intention to
remove non-native plants from reserve(s). The interaction is such that when
respondents perceive more time pressure, the effect of intention to remove on
bush-friendly behaviour becomes smaller, showing time pressure is a potential
contributor to the “value-action gap”.

The main recommendations for weed management include: 1. Strengthen
cooperation with nurseries, and encourage them to promote native or certainly
non-invasive plants and spread educative information about weed invasion; 2.
Provide gardeners with information about the harm of invasive exotic plants; 3.
Encourage gardeners to foster a positive attitude towards growing native plants,
or certainly non-invasive plants; 4. Further popularise environmental initiatives
about native plants and weed control and make them more accessible to local
residents; 5. Provide people who live adjacent to bushland with practical
suggestions about weed removal and bush restoration.
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CHAPTER 1: INTRODUCTION

1.1 Background

Since European settlement, about 27,000 known exotic plant species have been
introduced into Australia (Groves, Boden & Lonsdale 2005), and exert
considerable negative impact on native natural and agricultural systems (Groves,
Boden & Lonsdale 2005; Sinden et al. 2004). Importantly, about 94% of these
exotic plant species are imported by the gardening industry for sale (Groves,
Boden & Lonsdale 2005). Retail nurseries and the demand from consumers
particularly contribute to plant importation. Nurseries usually play a role in
promoting exotic plants to expand their production (Heywood 2011; Timms 2006).
Although nowadays people generally express a high concern for the
environment (Gibbs 2010), many people in Australia do not recognise
environmental weeds as a problem (Blood & Slattery 1996; Head & Muir 2004a;
Slattery 1998). Environmental weeds are defined as “plants that invade natural
ecosystems and can cause major modifications to indigenous biodiversity and
ecosystem function” (Williams & West 2000).

In order to promote non-invasive garden plants and environmentally positive
gardening behaviour that pose no threat to indigenous ecosystems, it is
important to understand why people purchase invasive garden plants and how
often they perform gardening, weeding, garden waste dumping (leaving organic
materials in the neighbouring reserves), and restoration activities in their
gardens and neighbouring environment (Ballantyne, Packer & Hughes 2008;
Slattery 1998; Zagorski, Kirkpatrick & Stratford 2004). This study aims to analyse
these garden-related behaviours and environmental behaviours of Wollongong
(NSW, Australia) residents who live adjacent to bushland. To gain a deep
1

understanding of the mechanism behind environmental behaviour, I reviewed
the theory of reasoned action (TRA) and the theory of planned behaviour (TPB),
which are widely applied in modelling environmental behaviour (Armitage &
Conner 2001; Barr 2008; Chao 2012; Sutton 1998). The TPB is an extension of
the TRA with the addition of a new concept, namely perceived behavioural
control (PBC). In the TPB, behaviour’s direct predictor is intention, which is
further predicted by subjective norm, attitude and PBC (Ajzen 1991). The
predictive power of the TPB/TRA has been widely reported (Armitage & Conner
2001; Bamberg & Möser 2007; Sutton 1998; Trumbo & O'Keefe 2005), but the
TPB/TRA have also been criticised on various grounds, particularly because of
the assumption of rationality (Lorenzoni, Nicholson-Cole & Whitmarsh 2007) and
the widely reported “value-action” gap (Barr 2008, p. 238).

The TRA with extra variables is adopted in this study to explain two
garden-related environmental behaviours [plant choice (choosing native or
non-native

garden

plants)

and

bush-friendly

behaviour

(weeding

and

bush-restoration in reserves neighbouring residents’ gardens)]. I did not involve
PBC as an explanatory variable, because gardens and the surrounding
environment are to a large extent under control or determined by gardeners
(AACM International 1997; Head & Muir 2006; Power 2005;

Rees & Smith

1996; van den Berg & van Winsum-Westra 2010), reflecting their volitional
control on the garden-related behaviours. Thus, the TRA model with extra
explanatory variables is probably efficacious to explain the targeted behaviour.

In order to involve the impulsive side of human nature into the traditional
behavioural

paradigms

which

mainly

emphasise

reason-based

action

(Loewenstein & O’Donoghue 2004; Shefrin & Thaler 1988), I propose a
measurable construct reflecting people’s capacity to over-ride impulse or delay
2

gratification, namely self-control. Additionally, since certain garden-related
behaviours (gardening, weeding, leaving organic materials in the neighbouring
reserves, and restoration) are usually characterised as being time consuming or
less prioritised (Dignam et al. 2003). Time pressure, which has been defined as
“the feeling of not having enough time to get things done and constantly being
rushed” (Gunthorpe & Lyons 2004, p. 201), may be an important influencing
factor for these garden-related behaviours. Although as an indicator of potential
barriers to perform certain behaviour, time pressure may seem to be a
component of PBC, time pressure also reflects priority. Dignam et al. (2003)
report that people make time for prioritised issues. Even if time is not a barrier,
certain behaviour still may not be performed because of its low priority.

To extend the existing research, this study investigates the role of self-control,
time pressure, and several other proposed variables especially in relation to
garden-related environmental behaviours as an addition to the TRA.

1.2 Aim and objectives

The overall aim of this study is to understand and analyse the garden-related
behaviours of Wollongong (NSW, Australia) residents who live adjacent to
bushland using environmental behaviour theory. A self-administered mail survey
was conducted among them. The targeted residents may or may not have a
close interaction with the surrounding natural environment. The weedy plants
they grow intentionally or inadvertently in their gardens may easily spread out.
The understanding of these people’s plant choice, gardening, weeding, garden
waste dumping (leaving organic materials in the neighbouring reserves), and
restoration activities, and what factors influence these garden-related
behaviours may provide valuable suggestions for weed authorities to protect
3

urban natural areas. In order to achieve the overall aim, this study has three
objectives:

Objective one: Clarify the garden-related behaviours of the targeted residents.
Objective two: Clarify issues concerning those people’s plant procurement.
Objective three: Identify the factors that influence those people’s garden-related
environmental behaviour (plant choice and bush-friendly behaviour).

1.3 Significance

The first significance of this project lies in the importance of improving behaviour
theories for environmental management. According to Pinker (2002), theories of
human behaviour assist in the improvement of relationships, lifestyles and
governments. The characteristics of people’s garden-related behaviour and
significant explanatory variables of garden-related environmental behaviour
identified by this study may guide the local weed authorities in designing
effective

environmental

initiatives

and

implementing

reasonable

weed

management to conserve bushland which has been acknowledged as valuable
for ecological and cultural reasons (Bridgman, Warner & Dodson 1995; Panetta
& Lane 1996; Rose 1997). Moreover, Wollongong is within the Sydney Basin
Bioregion, which is one of the most species-rich bioregions in Australia (Head &
Muir 2006). The environmental management in this region is of particular
importance and need to be carefully considered. To focus resources, it is
beneficial to base weed management on academic studies and behaviour
models.

Previously, exploration of environmental behaviour mainly focuses on
behaviours like recycling (Chao & Lam 2011; Laudenslager, Holt & Lofgren 2004;
4

Lokhorst et al. 2013; Oom Do Valle et al. 2005; Tabernero & Hernández 2011),
travel behaviour (Barr et al. 2010; Lassen 2010; Oreg & Katz-Gerro 2006;
Prillwitz & Barr 2011), energy conservation (Chao & Lam 2011; Laudenslager,
Holt & Lofgren 2004; McCalley, de Vries & Midden 2011), water conservation
(Bamberg & Möser 2007; Dolnicar, Hurlimann & Grün 2012; Fielding et al. 2013;
Lam 2006; Lokhorst et al. 2013), green consumerism (Chan & Lau 2002;
Grankvist, Dahlstrand & Biel 2004; Mobley, Vagias & DeWard 2010; Tanner &
Kast 2003), while environmental gardening behaviour is seldom mentioned.
However, in Australia, nursery industry and gardens are among the foremost
sources of environmental weeds. It is valuable to fill in the gap by clarifying the
characteristics of people’s behaviour related to their own gardens but exerting a
far-reaching influence on the bushland, and exploring which factors significantly
contribute to people’s garden-related environmental behaviour.

In addition, the results of this project will also contribute to the explanation of
value-action gap, which cannot be sufficiently accounted for by the original
theory of planned behaviour and theory of reasoned action (TPB/TRA). In the
TPB/TRA, intention is the most proximal predictor of behaviour, while in certain
circumstances even a high environmental intention with a reasonable
behavioural control cannot lead to environmentally responsible behaviour (Barr
2008; Lassen 2010; Prillwitz & Barr 2011). Previous studies have suggested that
impulsivity (Verplanken & Sato 2011) and expenditure of time (Lassen 2010;
Prillwitz & Barr 2011) may weaken the relationship between attitude and
behaviour, or intention and behaviour. Thus, it is necessary to generate and test
candidate variables based on the existing studies.

5

1.4 Structure of the thesis

This thesis includes nine chapters. Chapter 1 presents a brief introduction of the
whole project, its aim and its significance.

Chapter 2 firstly discusses the pathway of weed introduction in Australia and the
causes of the ongoing introductions, and then highlights the importance of
understanding local residents’ garden-related behaviour (section 2.2). To clarify
the mechanism behind human behaviour, I critically discuss the widely applied
theories of environmental behaviour, and propose several explanatory variables
for the targeted behaviour in this study (section 2.3). To this point, I aim to
provide readers with a clear view of what this study is about and why it is worth
doing. Furthermore, the key concepts, the structure, and two hypothesised path
models of this study (section 2.5) are demonstrated in order to pave the way for
the next chapter which is about methodology.

Chapter 3 includes a description of the study area (section 3.2), the design of
survey questionnaire (section 3.3), sampling strategy (sections 3.4, 3.5), the
socio-demographic features of the survey respondents (section 3.6), how the
variables used in this study were measured by survey questions or items
(section 3.7), and how the data was analysed (section 3.8).

The results of statistical analysis are separated into four chapters (chapters 4 to
7) in order to refrain from an overcrowded chapter. Chapter 4 presents the
reliability tests of all variables measured by multi-item scales in order to justify
the appropriateness of using them in the statistical analysis.

Chapters 5 to 7 address objectives one to three of this study. Chapter 5 mainly
6

focuses on the frequency analysis of garden-related behaviours and relevant
issues. Specific questions I aim to answer in chapter 5 include: 1. How often do
the respondents perform the targeted behaviours [obtaining garden plants,
gardening, weeding within the garden, leaving organic materials INR [in the
neighbouring reserve(s)], weeding INR and doing bush restoration INR? 2. Why
do the respondents leave organic materials INR? 3. How do these behaviours
interconnect with each other? 4. What kind of boundary or fence do the
respondents set between their gardens and the neighbouring reserves? 5. What
are the weeds of most concern to respondents?

Chapter 6 demonstrates issues related to respondents’ plant procurement.
Specific questions I aim to answer include: 1. What kind of garden plants (native
or non-native) respondents obtain? 2. Where do they obtain garden plants? 3.
Where do they find information about choosing garden plants? 4. What issues
they think about when choosing garden plants?

Chapter 7 mainly explores factors that influence respondents’ garden-related
environmental behaviour (plant choice and bush-friendly behaviour) by using
regression analysis and path analysis. Specific questions I aim to answer include:
1. What are the factors that exert a direct influence on the garden-related
environmental behaviour? 2. What are the factors that exert an indirect effect on
respondents’ plant choice and bush-friendly behaviour through intention? 3. How
do these factors interact and correlate with each other?

Chapter 8 gives a deeper interpretation of the results presented by the previous
chapters and compares them with the reporting of other studies. This chapter
also follows the order from objectives one to three of this study.

7

Chapter 9 gives a brief conclusion of the results for the three objectives (section
9.2). Following this, practical recommendations for weed management are made
based on the aforementioned conclusions (section 9.3). Finally, I summarise the
limitations of this study and provide suggestions for future research (section 9.4).

8

CHAPTER 2: LITERATURE REVIEW AND THE PRESENT STUDY

2.1 Introduction

This chapter firstly presents a literature review (sections 2.2, 2.3, 2.4) that
introduces weed issues in Australia and relevant theories of environmental
behaviour. Following this, the structure, key conceptions and models of the
present study (section 2.5) is demonstrated following the order from objectives
one to three of this study.

2.2 Environmental weeds and garden

2.2.1 Biological invasion

As one of the most important driving forces of native ecosystems (Head & Muir
2004a; Mason, Lonsdale & French 2005; Sala et al. 2000), biological invasion
has been reported to be capable of leading to significantly reduced abundance
and diversity of native species (Panetta 1999; Stenhouse 2001; Vitousek et al.
1997; Yurkonis, Meiners & Wachholder 2005). Under the background of reduced
trade barriers and enhanced transport capacities on a global scale, biological
invasion has noticeably accelerated and has imposed far more pressure on
native ecosystems than previously (Agtrans Research 2005; Head & Muir
2004a). More seriously, climate change, leading to the transfer of biota and
cultivation zones, will assist in the dispersal of invasive exotic species [Heywood
2011; McFadyen 2007; Southern Rivers Catchment Management Authority
(SRCMA) & Southern Councils Group (SCG) 2011]. There would also be a
demand from agriculture and horticulture to introduce adaptable exotic species
(World Bank 2009). These issues will pose a particular challenge for biodiversity
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conservation.

In Australia, about 27,000 known exotic plant species have been introduced
Since European settlement, and approximately 10% of them have already
naturalised in the new environment (Groves, Boden & Lonsdale 2005). Ten more
species will be added to this number every year (Groves, Boden & Lonsdale
2005), and about six new plant species of invasiveness will annually appear in
Australia (Carr 1993). Generally, biological invasion has become one of the most
serious threats to native ecosystems [Downey et al. 2009; Gagliardi & Brand
2007; Groves, Boden & Lonsdale 2005; National Land and Water Resources
Audit (NLWRA) 2007; Panetta 1999]. Introduced plants also cause considerable
economic losses both in pasture and cropping land of Australia (Groves, Boden
& Lonsdale 2005; Martin, Campbell & Grounds 2006; van der Meulen, Reeve &
Sindel 2007). According to Sinden et al. (2004), the economic losses caused by
introduced plants, including “costs of control, decreases in yields, and reductions
in economic surplus”, reach an average of $4.039 billion in a single year during
the period of 1997 to 1998 and 2001 to 2002 in Australia.

2.2.2 Garden escapees

Importantly, about 94% of the exotic plant species into Australia are imported by
the gardening industry (Groves, Boden & Lonsdale 2005), for sale in retail and
wholesale. After being planted in nurseries and domestic gardens, the exotic
plants may spread into the neighbouring environment (Blood & Slattery 1996;
Groves, Boden & Lonsdale 2005; Zagorski, Kirkpatrick & Stratford 2004) by
natural means, such as birds, wind, and storm water (Kern 2006; Timmins et al.
2010), and human activities, such as dumping garden waste (Slattery 1998;
Sullivan, Timmins & Williams 2005; Timmins et al. 2010). The abundance of
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weeds in reserves was found to be negatively correlated with the distance to
human settlements (Timmins & Williams 1991). Among all of the naturalised
exotic plant species in Australia, 66% or 1831 species originated in botanical
gardens, nurseries or backyards (Groves, Boden & Lonsdale 2005). It has been
widely reported that the majority of chief environmental weeds are ornamental
and garden plants outside their natural geographic range (Glanznig, McLachlan
& Kessal 2004a; Head & Muir 2004a; Heywood 2011; Moss & Walmsley 2005;
Tyrrell 2007; Virtue et al. 2008; Zagorski, Kirkpatrick & Stratford 2004).

2.2.3 Legislative controls and voluntary approaches

Facing this situation, the most common response is policy and legislation that
restrict the trade of potentially invasive garden plants. Actually, when many
gardeners were asked why they bought potentially invasive garden plants, they
answered that they assumed there is a law banning the sale of any harmful
garden plants, and plants in the market are harmless (Roush et al. 1999).
However, one important reason for the ongoing importation and sale of
potentially invasive plants is poorly organised legislative control and the lack of
national response (Glanznig, McLachlan & Kessal 2004a; Groves, Boden &
Lonsdale 2005; Mason, Lonsdale & French 2005). Firstly, there are serious gaps
in the quarantine law of national government, so that a large number of invasive
plants of national importance are still allowed to be legally imported (Glanznig,
McLachlan & Kessal 2004a). Furthermore, cooperation across different levels of
government and between jurisdictions is poorly conducted (Roush et al. 1999).
For example, more than one third of the noxious garden plants in Western
Australia (40.4%) and Queensland (35.1%) are still allowed to be sold in other
jurisdictions (Groves, Boden & Lonsdale 2005). Without a national legislative
ban on the trade of potentially invasive garden plants, it would be particularly
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hard for any other measures (such as industry initiatives and public
environmental education) to reach a high level of success (Glanznig, McLachlan
& Kessal 2004a; Moss & Walmsley 2005).

Under the current legislative circumstances, there are voluntary approaches
striving to restrain the diffusion of invasive garden plants, but Moss and
Walmsley (2005) report they generally failed to reach the target, except in some
local situations. One example is Garden Plants Under the Spotlight Strategy
(GPUSS), which suggested comprehensive strategies for government agencies
of all levels, the gardening industry and the horticultural media in Australia.
Nearly every facet of weed restriction was covered by the strategies proposed,
such as educating the gardening public and industry, encouraging the
cooperation within the nursery industry, and implementing relevant marketing
strategies in favour of native plants. However, from 1999 to 2002 immediately
after GPUSS was proposed, the plants within the recommended prohibition list
were still advertised for sale (Glanznig, McLachlan & Kessal 2004b). According
to Moss and Walmsley (2005), one important reason why voluntary approaches
failed to significantly reduce the availability of potentially invasive garden plants
on a national scale is the fact that there were other “big players”, such as
Woolworths and Bunnings, which were not industry members and free from
agreed restrictions. Thus, the nursery industry members, which were put to a
disadvantageous position in the market, reacted negatively to any restriction on
sales of certain garden plants.

12

2.2.4 Nurseries

Retail nurseries are generally considered as important outlets for local residents
to purchase garden plants (Dempster 2002; Dignam et al. 2003; Roush et al.
1999) and acquire information and advice about plants and gardening (Moss &
Walmsley 2005; Roush et al. 1999). The information and advice they provide is
usually valued and trusted by consumers [Dignam et al. 2003; Horticultural
Research and Development Corporation (HRDC) 1991]. However, nursery
businesses usually play a role in promoting exotic plants to expand their
production (Dempster 2002; Groves, Boden & Lonsdale 2005; Heywood 2011;
Timms 2006), and only passively cooperate with environmental initiatives that
strive to limit the trade of invasive garden plants (Groves, Boden & Lonsdale
2005; Moss & Walmsley 2005). In a local initiative implemented in the Albury
area of NSW, even if advertising (nurseries who participated in this initiative
could put their logo in the guide), marketing, and staff training were offered freely
by the council, local nurseries still had no interest in embracing native plant
species. The principle of these nurseries was stated as “if people want to buy a
certain plant, we will sell it to them” (Moss & Walmsley 2005, p. 8).

2.2.5 Consumers

Besides poorly organised legislation and regulation, and the behaviour and
structure of the nursery and garden industry, the foremost driver of the ongoing
trade in invasive garden plants is the demand from consumers. Although
nowadays people generally express a high concern for the environment (Clover
2002; Gibbs 2010; Prince 2009), it is still reported that many people in Australia
do not recognise environmental weeds as a problem (AACM International 1997;
Blood & Slattery 1996; Clayton 2007; Head & Muir 2004a; Slattery 1998) and
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even resist programs for removing certain potentially invasive plant species
(Dempster 2002). It is hard for the general public to accept the idea that a
ubiquitous plant sold in nurseries and grown in numerous gardens is actually a
harmful weed for the bushland (Blood & Slattery 1996). If these plants are going
to be removed either by the authorities or nursery industry, people would
express an evident concern that their personal rights are being violated
(Dempster 2002). When environmentally detrimental plants are found in their
gardens, most people will express a protective reaction towards their gardens
and may feel angry at criticism regarding the plants they grow (Blood & Slattery
1996).

Although currently there is a strong argument for an improved legislative system
to restrict the trade of any plants with invasiveness at a national level (Glanznig,
McLachlan & Kessal 2004a; Moss & Walmsley 2005; Roush et al. 1999), the
administrative difficulty and expenditure is considerable (Bell et al. 1996;
Gagliardi & Brand 2007; Timms 2006), especially when it may not be welcomed
by the public. For example, plant bans and taxation are unpopular methods for
weed management and may cause backlash from the public (Dempster 2002;
Gagliardi & Brand 2007).

2.2.6 Community education

Since behavioural change and community cooperation in weed management is
of considerable importance and determinant of the success of conservation
programs (Head & Muir 2006; Randle & Dolnicar 2009; Roush et al. 1999;
Stenhouse 2001; Zagorski, Kirkpatrick & Stratford 2004), there is a strong claim
for strategic campaigns to raise the public’s awareness of environmental weeds
(King, Beilby & Derry 2008; Moss & Walmsley 2005; Rose 1997; Slattery 1998).
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Currently, community education or environmental adult education, aiming to
arouse a change in people’s behaviour for the benefit of the environment, has
been considerably emphasised by management and research (Beer, Verbeek &
Reitano 2008; Roush et al. 1999; Williams & West 2000). Although a large deal
of valuable experience has been accumulated in this field (Slattery 1998),
negative or insignificant results of education programs are commonly reported
(Blood & Slattery 1996; Gough 2011; Head & Muir 2007; Moss & Walmsley 2005;
Saylan & Blumstein 2011; Stevenson & Evans 2011). Before coming up with any
educative strategies, it may be more important to understand why people
purchase potentially invasive garden plants and the mechanism behind their
garden-related behaviour (Ballantyne, Packer & Hughes 2008; Slattery 1998;
Zagorski, Kirkpatrick & Stratford 2004).

2.2.7 Gardening

Gardening is one of the most popular outdoor activities in Australia (Head & Muir
2007), with dramatic social and environmental impact (Head, Muir & Hampel
2004b; Head & Muir 2006; Timms 2006; Tyrrell 2007). It helps people to
experience and build relationships with nature (Crompton & Kasser 2009; Head,
Muir & Hampel 2004b; Loram et al. 2011; Tyrrell 2007; van den Berg & van
Winsum-Westra 2010), and provides a way to think about the relationship
between culture and nature (Head & Muir 2006). Human control and natural
forces meet and reach a balancing point in the garden (eds Francis & Hester
1990), but human behaviour is usually strong enough to make gardens reflect
the needs and wishes of gardeners (Power 2005; van den Berg & van
Winsum-Westra 2010). For example, the plant species composition (native or
non-native plants) of a specific garden is related to the gardener’s attitude
towards nativeness (Head & Muir 2006; Zagorski, Kirkpatrick & Stratford 2004).
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Furthermore, gardeners express their needs and wishes through gardening
behaviour. For example, gardeners’ environmental identity, which refers to “all
the different ways people construe themselves in relationship to the earth as
manifested in personality, values, actions, and sense of self” (Thomashow 1995,
p. 3), significantly predicts pro-environmental gardening behaviour (Kiesling &
Manning 2010).

In addition, the motives of general gardening behaviour in Australia have been
well documented. Dignam et al. (2003) report therapy/enjoyment/satisfaction,
keeping the garden under control, and beauty are the top three motives for
gardening. Head and Muir (2007) argue that attracting birds and aesthetic value
are the most important reasons for growing plants. Timms (2006) gives a similar
statement that gardeners grow plants mainly for their aesthetic value. It seems
that protecting local biodiversity is not widely considered as a motive for
gardening.

2.3 Theories of environmental behaviour

2.3.1 Theory of planned behaviour and theory of reasoned action

In order to understand the mechanism behind environmental behaviour and
apply the findings to weed issue, I draw on theory of planned behaviour (TPB)
(Ajzen 1991), and theory of reasoned action (TRA) (Fishbein & Ajzen 1975).
Although only TRA is the theoretical framework of this study, in consideration of
the close relationship between the TRA and the TPB, both of them are discussed
in this literature review. The TPB is an extension of the TRA with the addition of a
new concept, namely perceived behavioural control (PBC). The basic
assumptions or settings of the TPB and the TRA are nearly the same. Like other
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theories that employed social-psychological conceptions, the TPB/TRA model
accepts that individuals’ feelings and thoughts towards the environment to a
certain extent shape their environmental behaviour (Oreg & Katz-Gerro 2006).

In the TPB, behaviour’s direct predictor is intention, which indicates how much
effort people decide to make to perform a specific behaviour. When people
decide to act, they need opportunities and resources as prerequisites to fulfil
their intention. These factors are reflected as PBC, representing people’s
perception of the ease or difficulty to perform certain behaviour (Ajzen 1991). If
one individual has substantial volitional control over certain behaviour, PBC may
be unnecessary and the TPB can be simplified as the TRA (Payne, Jones &
Harris 2004). Besides, intention is influenced by two other factors, namely
attitude and subjective norm, which respectively indicate “the degree to which a
person has a favourable or unfavourable evaluation or appraisal of the
behaviour”, and “the perceived social pressure to perform or not to perform the
behaviour” (Ajzen 1991, p. 188).

The TPB has been applied in a considerable variety of studies in single or
collective environmental behaviour (Barr 2008; Chao 2012; Fielding, McDonald
& Louis 2008; Greaves, Zibarras & Stride 2013; Knussen et al. 2004; Lam 2006;
Niaura 2013; Oreg & Katz-Gerro 2006; Tonglet, Phillips & Bates 2004). Its
predictive power has been widely demonstrated (Armitage & Conner 2001;
Bamberg & Möser 2007; Kaiser & Gutscher 2003). The TRA has also been
applied to a wide range of environmental behaviours (Sutton 1998; Trumbo &
O'Keefe 2005), with examples including recycling behaviour (Park, Levine &
Sharkey 1998), water conservation (Jorgensen et al. 2013; Trumbo & O'Keefe
2005), prevention of climate change (Kim, Jeong & Hwang 2013), and
agriculture conservation (Luzar & Diagne 1999). The predictive power of the
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TRA has been examined by Sutton (1998) who summarised 9 meta-analyses
and quantitative reviews, and reported the variance explained in behavioural
intention and behaviour respectively ranged from 40% to 50%, and 19% to 38%.

2.3.2 General issues of the TPB/TRA

From the previous studies, it is clear that a high proportion of variance in
intention and behaviour remains unexplained (Payne, Jones & Harris 2004), and
numerous additional explanatory variables of intention or behaviour have been
explored (Conner & Armitage 1998; Trumbo & O'Keefe 2005). Several examples
are: habit (Knussen & Yule 2008), perceived need (Payne, Jones & Harris 2004),
self-identity (Terry, Hogg & White 1999), country level harmony and
postmaterialism (Oreg & Katz-Gerro 2006), environmental value and effect of
information (Trumbo & O'Keefe 2005).

The TPB/TRA has also been criticised in several ways. According to Chao
(2012), among the theoretical constructs within the TPB, subjective norm might
fail to exert a significant effect on intention, and the correlation between
subjective norm and intention can be much weaker than any other correlations
with intention. Furthermore, “the sums of products of the paired concepts (beliefs
and weights)” underlying attitude, subjective norm and PBC could “constrain
researchers from probing into the effects of each belief or weight” (Chao 2012, p.
440). Additionally, the TPB/TRA explores the mechanism behind behaviour only
on an individual level (Lorenzoni, Nicholson-Cole & Whitmarsh 2007). In
response, two country-level variables were proposed by Oreg and Katz-Gerro
(2006).

Another issue is the widely reported disparity between public environmental
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awareness and behavioural response, usually explained as “value-action gap” or
“intention-behaviour gap” (Barr 2008, p. 238; Blake 1999; Kollmuss & Agyeman
2002; Kennedy et al. 2009; Lorenzoni, Nicholson-Cole & Whitmarsh 2007; Waitt
et al. 2012). For example, individuals may deem themselves to be
environmentally conscious, but still feel no willingness to give up long-distance
air travel (Barr et al. 2010; Prillwitz & Barr 2011) that leads to severe
environmental impacts (Gössling & Peeters 2007), and question air travel as a
serious issue in climate change (Barr et al. 2010).

2.3.3 Exploration of additional variables for the TPB/TRA

In this sub-section, I present two possible situations that may not be accounted
for by the TPB/TRA, and explore potential explanatory variables of the examined
garden-related environmental behaviours (plant choice and bush-friendly
behaviour).

A possible course of action for an individual is that they may make a plan to
guide action, but are then diverted from that plan as a result of being tempted by
other choices. For example, dieters yield to the temptation of junk food, even if
they have enough resources and opportunities to keep dieting. It is reported that
people frequently go against their self-interest, which they almost immediately
regret (Ditto et al. 2006; Loewenstein 1996). This kind of phenomena is hard to
be explained by the TPB/TRA (Verplanken & Sato 2011) which mainly present a
rational aspect of behaviour (Lorenzoni, Nicholson-Cole & Whitmarsh 2007), but
can be attributed to the function of visceral factors, such as desires, emotions
and cravings (Ditto et al. 2006; Loewenstein 1996). Visceral factors are
characterised by “a direct hedonic impact” and an influence on the desirability
towards certain goods or actions (Loewenstein 1996, p. 272). They can be
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evoked by the proximity to desired objects (Vohs & Faber 2007) and “lead
people to be disproportionately influenced by the anticipated rewards of
immediate gratification” (Ditto et al. 2006, p. 99). Although most people take
visceral factors into account when making rational plans (Loewenstein 1996),
the intensity of visceral effects is usually unknown or underestimated. Actually,
visceral factors can be so powerful that rational decision making is overwhelmed,
which is illustrated in the example of dieters yielding to junk food. When
irresistible impulse is generated by desire, behaviour is more represented by
impulsive responses than reasoned decision (Ditto et al. 2006; Loewenstein
1996; Vohs & Faber 2007).

Furthermore, if pro-environmental behaviour is waiting to be performed but
achieving no outcome, it could also be due to the low priority of this behaviour
compared to other activities. Dignam et al. (2003) report that when time is
pressured, people make time for prioritised issues. Time availability could be a
particularly important obstacle for low-priority behaviour (Kennedy et al. 2009;
Lassen 2010). If an individual is highly time pressured, the expected result is a
weaker relation between intention and behaviour with low priority. This
phenomenon probably cannot be explained by PBC, since a person may have
enough time and ability to perform a certain behaviour, he/she does not do it
because the time is spent on other activities with higher priority. The competition
from other activities could be especially remarkable for behaviour which is
labour-intensive or time-consuming, such as gardening behaviour (Dignam et al.
2003) or travelling in a sustainable but time-consuming way (Prillwitz & Barr
2011).

In the present study, I explored two garden-related environmental behaviours,
including plant choice (choosing native or non-native garden plants), and
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bush-friendly behaviour (weeding and bush-restoration in reserves neighbouring
the garden). Several explanatory variables (e.g., “self-control” and “time
pressure”) are proposed, and a brief description of them is presented in the
following literature review.

2.3.4 Self-control

In consideration of the visceral factors, it is imperative to involve the impulsive
nature of human psychology into the traditional behavioural paradigms which
mainly emphasise reason-based action (Loewenstein & O’Donoghue 2004;
Shefrin & Thaler 1988). One way to do this is to introduce a measurable
construct reflecting people’s capacity to over-ride visceral factors or delay
gratification, e.g. self-control or self-regulation (Metcalfe & Mischel 1999;
Muraven & Baumeister 2000; Tangney, Baumeister & Boone 2004).

The role of self-control in influencing behaviour could be similar to PBC in the
TPB. It even seems that self-control is within the framework of PBC, or the
measure of PBC covers the measure of people’s ability to over-ride unwanted
behavioural tendencies. However, impulse buying towards desired goods, which
is a typical example of impulsive behaviour, can hardly be explained by the
TPB/TRA (Verplanken & Sato 2011), but self-reported self-control is able to
predict resistance to impulse buying (Baumeister 2002; Vohs & Faber 2007).
Thus, PBC and self-control should function in a different way. PBC seems to
mainly focus on the perception of personal capability and external conditions.
Additionally, the answering of PBC questions is probably based on highly
expectable or estimable factors that influence behaviour. As for self-control, it
represents people’s control over internal impulsivity, and it is probably dealing
with uncertain or unknown factors that may cause impulse.
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Previous research shows there are considerable individual differences on the
strength of self-control (Baumeister 2002; Tangney, Baumeister & Boone 2004).
Paper version questionnaires are the most commonly used measure of
self-control in research of personality difference and clinical psychology
(Duckworth & Kern 2011). There have been numerous questionnaire scales or
subscales dedicated to the measure of self-control or similar constructs, and
there is significant heterogeneity in the structure or wording of them (Duckworth
& Kern 2011). Whiteside and Lynam (2001) have carried out an exploratory
factors analysis on several commonly used impulsivity (self-control in reverse)
scales and recognised four disparate psychological processes related to
impulsive behaviour. Instead of targeting different psychological components
that contribute to impulsive or self-controlled (reverse) behaviour, Tangney,
Baumeister and Boone (2004) designed a single scale to evaluate the aggregate
ability of one individual to perform self-controlled behaviour. These studies set a
base for the current project.

Emphasis on self-control is important not only for the extension of behavioural
theories, but also for dealing with concrete environmental issues (Baumeister &
Heatherton 1996; Thøgersen 2005), especially in the case of plant choice. The
issue of weeds escaping from gardens can be due to purchase of invasive
garden plants. Like other types of buying behaviour, purchase of garden plants
is also subject to impulse buying without any consideration on weed issues
(Flight, Rountree & Beatty 2012; HRDC 1991; Tzavaras, Tzimitra-Kalogianni &
Bourlakis 2010) caused by self-control failure (Baumeister 2002; Verplanken &
Sato 2011; Vohs & Faber 2007). According to HRDC (1991), about 54% of
consumers buy garden plants on impulse. It is possible that impulsive buying of
garden plants leads to more purchase of exotic or potentially invasive plants.
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Even if some gardeners are considered to be knowledgeable in weed issues and
have a high environmental concern, they may still buy invasive garden plants
due to their attractive appearance, which serves as a sensory signal amplifying
the purchase desire (Ditto et al. 2006; Vohs & Faber 2007).

2.3.5 Time pressure

One factor that can be negatively correlated to self-control strength is time
pressure, which has been defined as “the feeling of not having enough time to
get things done and constantly being rushed” (Gunthorpe & Lyons 2004, p. 201;
Hilbrecht, Zuzanek & Mannell 2008). It can be caused by heavy total workloads
in paid work and home duties (Roxburgh 2002), and correspondingly related to
perception of fatigue (Zuzanek 2004), which will erode and lower self-control
(Baumeister,
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premeditation or planning (Baumeister 2002; Whiteside & Lynam 2001), which
may take some time to operate. When time is highly compressed, less time will
be left for careful planning, and fast and impulsive behaviour may prevail.

Time pressure can also exert direct influence on pro-environmental behaviour
(Kennedy et al. 2009; Thøgersen 2005). For example, Tanner and Kast (2003)
report that perceived time barriers are negatively related to green food purchase.
The reason is self-explanatory: reception of environmental education, absorption
of environmental knowledge, construction of environmental awareness, and
finally implementation of pro-environmental behaviour usually need extra input
of time, and often in a large amount (Barr 2008; Lassen 2010; Panetta 1999;
Prillwitz & Barr 2011; Walter 2009). Another noteworthy factor is that the
phenomenon “too much to do and not enough time” or perceived busyness has
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been recognised as universal in contemporary western countries, and people
feel more time poor than before (DeVoe & Pfeffer 2011; Dignam et al. 2003;
Gunthorpe & Lyons 2004, p. 201; Hamermesh & Lee 2007; Heard &
Dharmalingam 2011; Robinson & Godbey 2005; Vercruyssen, Roose & Putte
2011). Since human effort is highly limited and occupied by home duties and
economic activities (Dietz, Stern & Guagnano 1998; McCalley, de Vries &
Midden 2011), little may be left for pro-environmental activities.

On the other hand, environmentally detrimental choices are renowned for
convenience and low cost, and often receive first priority (Hjorthol 2001; Lassen
2010), especially when time is limited. Hjorthol (2001) reports that time pressure
is a frequent reason for travelling by car rather than more sustainable means of
transportation. Lassen (2010) argues that travelling by airplane is usually the
first choice when people are going to travel for a long distance because of the
high time efficiency. In the case of the weed issue, the reason why people
choose invasive garden plants and allow the plants to spread beyond their
gardens is probably that they do not want to spend time checking the
invasiveness of the plants and removing the reproducing invasive plants.
Dignam et al. (2003) report time pressure impedes the performance of
gardening activity. Garden-related environmental behaviours, such as removing
weeds and restoring bushland in nearby reserves, may also be noticeably
influenced by time pressure.

2.3.6 Weed-control initiatives and other explanatory variables

Within the circumstance of our study area (Wollongong Local Government Area),
there are other factors that may exert potential influence on people’s
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garden-related environmental behaviour (plant choice and bush-friendly
behaviour).

In consideration of the high value of biodiversity in Sydney Basin Bioregion
(Head & Muir 2006) where Wollongong is situated, Wollongong city council and
the nursery industry community have conducted a variety of initiatives to control
environmental weeds. These initiatives include Greenplan, Grow Me Instead
(GMI), Grow Local, and Bushcare. Greenplan provides Wollongong ratepayers
with a wide range of indigenous plants at a low cost, but only open once per
month. Since its outlet is located in botanic garden, botanic garden and
Greenplan are usually used together. GMI and Grow Local both provide
information about the alternative local plants to the exotic ones. Bushcare is a
council initiative that runs volunteer groups who remove invasive plants and
restore bushland in their local area. The websites for these initiatives are listed in
appendix C.

These initiatives provide local residents with knowledge, skills and opportunities
to be involved into weed management. Gardeners’ level of knowledge about the
initiatives may reflect what they know about weed issue and how to deal with the
weeds. Thøgersen (2005) maintains that knowledge about what the
environmental issue is, how it is related to everyone’s behaviour, and what can
be done to settle this issue is necessary for people to adopt behavioural change.
With insufficient knowledge or abundant contradictory information, people are
less likely to be involved into pro-environmental activities (Fortner et al. 2000;
Kennedy et al. 2009). Moreover, exposure to environmental literature, such as
magazines or brochures (Johnson, Bowker & Cordell 2004), extension
education (Elias & Merriam 1995), and outdoor experience (rev. Gottlieb, 2005),
which can be provided by the initiatives, have all been found to have certain
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influences on environmental behaviour. Thus, people’s knowledge of the
initiatives may also be a potential predictor of their garden-related environmental
behaviour.

Additionally, the direct effect of socio-demographic (Fielding et al. 2012; Scott &
Willits, 1994) and situational characteristics (Barr 2008; Huffman et al. 1995) on
environmental behaviour has also been reported. It is suggested that these
factors are antecedent to environmental attitude and behaviour, and may exert a
propelling or prohibitive effect on behaviour (Huffman et al. 1995; Mobley, Vagias
& DeWard 2010). Stern (2000) argues that these background factors represent
opportunities and personal capability for an individual to engage in certain
environmental behaviour. For example, a solid wall between a garden and the
outside environment may indicate a reduced chance to perform cross-boundary
activities. In terms of garden-related environmental behaviour, a gardener’s
contribution to bush restoration is probably related to the information they
received about the seriousness of weed issues. A certain level or type of
education may serve as a proxy of such information and a circumstance for
gardeners to build up environmental concern. In this study, some of the
background factors were explored to add explanation to garden-related
environmental behaviour.

2.4 Summary of the literature review

This literature review mainly includes two parts, the description of environmental
issues and the discussion of relevant behaviour theories. It starts with the
ongoing introduction of exotic plant species into Australia. After the introduction,
ecological disturbance caused by competition between newly introduced
species and native species, and economic loss in controlling weeds and reduced
26

production in agriculture will follow on. To dig deeper, a market mechanism is
functioning underneath the modern weed introduction. Most of the exotic plant
species are introduced by the gardening industry, because of a strong demand
for such plants from consumers. The attraction of economic benefits has to a
certain extent undone people’s efforts to restrict the trade of invasive garden
plants. There are legislative controls, voluntary initiatives, community education
programs battling with weeds, but the weed issue is still there. Community
awareness has become the focal point, and ordinary backyard gardens are
coming into sight, since weeds are released from human control at the interface
between gardens and bushland.

Before any measures are recommended for the weed authorities, we need to
gain a deep understanding of variables influencing people’s garden-related
environmental behaviour, which forms one objective of this study. To achieve this,
I turn to the TPB/TRA, which are widely used models in research of behaviour
and have not been applied to the research of domestic gardens. Although the
TPB/TRA has received considerable support from previous studies, there are
some critiques against them. In consideration of the criticism and some unique
characteristics of garden-related behaviours, I propose several extra variables
(e.g. self-control, time pressure, and knowledge of initiatives). In this study, the
TRA with the extra variables is used to explain garden-related environmental
behaviour.

2.5 The present study

2.5.1 Clarify the garden-related behaviours (objective one)

In order to gain a deep understanding of what the targeted residents do related
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to their gardens and the neighbouring environment, I explored how often or to
what extent respondents performed the following garden-related behaviours:
obtaining garden plants, plant choice, gardening, weeding within the garden,
leaving organic materials (e.g. Clippings or garden waste) INR [INR = in the
neighbouring reserve(s)], weeding INR, and doing bush restoration INR. The
way they were measured is presented in section 3.7 of chapter 3. Since plant
choice was measured in a different way from other behaviours, I excluded plant
choice from objective one, but put it in objective two. Among the remaining six
behaviours, obtaining garden plants, gardening and weeding within the garden
are categorised as behaviours within the garden (although obtaining garden
plants may be performed outside the garden, the obtained plants will probably
be brought to the garden). Additionally, leaving organic materials INR, weeding
INR, and doing bush restoration INR are subsumed into behaviours outside the
garden. The Spearman correlations among these behaviours and other
variables (described in section 3.7, chapter 3) were examined.

Since leaving organic materials INR may assist in the spread of garden plants, I
asked people whether they did it, and if so why they did it. In order to help weed
authorities target the most serious weed species at the bushland/garden
interface, the targeted residents were asked to nominate the weeds worrying
them. Besides, the status of the boundary between garden and the neighbouring
reserve(s) may preclude or assist people’s cross-boundary activities, the
targeted residents were asked what kind of boundary they have.

2.5.2 Clarify issues concerning respondents’ plant procurement (objective two)

The invasive garden plants planted in the domestic gardens may have
significant influence on the local bushland, so respondents’ plant procurement
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was especially emphasised. The most important issue is respondents’ plant
choice [what kind of garden plants (native or non-native) they usually obtain or
grow in their gardens]. We also asked them where they get these garden plants
and information about choosing garden plants. The result will tell which garden
plant outlets and information outlets the weed-control initiatives should target.
Furthermore, the targeted residents were asked what are the criteria for them to
choose garden plants. These criteria reflect which properties of garden plants
respondents care about, respondents’ motives for planting and gardening, and
whether respondents would like to behave in a bush-friendly way. Frequency
analysis was performed to explore the answers to the aforementioned questions.

2.5.3

Identify

the

factors

that

influence

respondents’

garden-related

environmental behaviour (objective three)

Gardeners’ plant choice is important for the health of local bushland. However,
even if certain invasive garden plants are planted in a garden, the gardener may
try to protect the bushland through frequent weeding and bush restoration. The
importance of weeding and bush restoration for weed management has been
reported (Rose 1997). In this study, plant choice, weeding INR, and bush
restoration INR are considered as garden-related environmental behaviours.
The mean of each respondent’s scores of weeding INR and bush restoration
INR is labelled as this respondent’s value of bush-friendly behaviour. Plant
choice and bush-friendly behaviour serve as major dependent variables in this
study.

We did not observe the actual behaviour but relied on the self-reported past
behaviour as a proxy of the actual behaviour, because the examined two
behaviours (plant choice or obtaining native garden plants and bush-friendly
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behaviour) are both performed on a very low frequency, even less than quarterly.
It is not feasible to observe the future behaviour after explanatory variables and
past behaviour are measured. Although past behaviour is usually considered as
a predictor of future behaviour in the TPB/TRA model, it is also widely used as
the dependent variable when exploring the key explanatory variables or models
(Dolnicar, Hurlimann & Grün 2012; Kaiser 2006; Mobley, Vagias & DeWard 2010;
Niaura 2013; Oom Do Valle et al. 2005; Oreg & Katz-Gerro 2006; Tabernero &
Hernández 2011). The fact that past behaviour is used as dependent variable is
firstly due to the technical difficulty of measuring both past and future behaviour.
Besides, the close relationship between past and future behaviour allow past
behaviour to partly represent the future behaviour. Further, measuring both past
and future behaviour may lead to a considerable reduction of the sample size
(Payne, Jones & Harris 2004; Trumbo & O’Keefe 2005) which could increase the
margins of error in the sampling.

Furthermore, the predictive ability of explanatory variables when applying to the
dependent variables in regression analyses and path analyses were examined
in order to answer to what extent each examined explanatory variable has a
direct or indirect effect on the two garden-related environmental behaviours.
Main explanatory variables include attitude, perceived harm, subjective norm,
intentions, time pressure, self-control, and knowledge of initiatives. Besides,
some socio-demographic and contextual variables were also tested against the
environmental behaviour. Time pressure is adopted to explain bush-friendly
behaviour; self-control is expected to add explanation to plant choice; other
variables are tested against both plant choice and bush-friendly behaviour. How
these variables were measured is presented in the section 3.7 of chapter 3.

Attitude indicates respondents’ positive feelings towards planting native plants.
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Perceived harm shows to what extent respondents think non-native plants in
general are harmful to native environment, or negative feelings towards
non-native plants. This construct is a reflection of specific pro-environmental
concern (Oreg & Katz-Gerro 2006), which is part of environmental attitude and
has been reported to be significantly related to environmental behaviour (Mobley,
Vagias & DeWard 2010). Subjective norm reflects the social pressure
respondents perceive when making their plant choice. Moreover, intentions
include intention to increase the proportion of native plants in the garden
(labelled as “intention to increase”), and intention to remove the non-native
plants found in the neighbouring reserve(s) (labelled as “intention to remove”).

To extend the existing research, this study especially investigates the role of
self-control, time pressure and knowledge of initiatives in relation to
garden-related environmental behaviour as an addition to the TRA. Time
pressure reflects people’s perception of insufficiency of time. Self-control shows
people’s ability to resist impulse buying when choosing garden plants. Finally,
knowledge of initiatives shows respondents’ level of knowledge of four
environmental initiatives conducted in Wollongong.

I did not involve PBC as an explanatory variable, because gardens and the
surrounding environment are to a large extent under control or determined by
the gardeners (AACM International 1997; Head & Muir 2006; Power 2005;
Rees & Smith 1996; van den Berg & van Winsum-Westra 2010; Zagorski,
Kirkpatrick & Stratford 2004), reflecting their volitional control on the
garden-related behaviours. Thus, the TRA model with extra explanatory
variables is probably efficacious to explain the targeted behaviour, and I can
simplify the questionnaire and models by removing PBC.
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Furthermore, the hypothesised models for path analysis are shown in fig. 2.1
and 2.2. In line with the TRA, the most important feature of the two models is that
intention mediates the relationship between independent variables and
environmental behaviour. It is possible that there are also direct effects of
independent variables on behaviour, and independent variables are correlated
with each other, but not all of the relationships are drawn in the path models to
not overcrowd the two figures. As for the proposed variables in this study,
knowledge of initiatives is expected to explain all intentions and behaviours.
Self-control is expected to exert direct effect on intention to increase, since when
people make a shopping plan or intend to buy certain plants, they may take their
self-control strength into account. At last, time pressure is not shown in the
model of bush-friendly behaviour, but it is expected to moderate the relationship
between intention to remove and bush-friendly behaviour. The moderation
should be reflected as a high value of time pressure corresponding with a weak
relationship between intention and behaviour based on the assumption that time
pressure is a potential contributor of “environmental values/behaviour gap”.
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Fig. 2.1 Hypothesised path model for bush-friendly behaviour.
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Fig. 2.2 Hypothesised path model for plant choice.
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CHAPTER 3: METHODOLOGY

3.1 Introduction

This chapter starts with a brief description of the study area, and then turns to
questionnaire design, sampling strategy and the measure of variables. Following
this, statistical methodologies and associated research questions are described
in detail. The limitations of the study design is discussed, but presented in
section 9.4, chapter 9.

3.2 Study area

This study was conducted in Wollongong Local Government Area (LGA), located
in the Illawarra Region of New South Wales (fig. 3.1). In 2011, Wollongong had a
population of 288,101, and private dwellings of 110,681 (Department of
Infrastructure and Transport 2012), making it a dominant population centre in the
Illawarra region. The Wollongong LGA is also situated in the Sydney Basin
Bioregion, one of the most species rich bioregions in Australia. Suburban and
other settlement is intertwined with fragmented native ecosystems due to the
rugged terrain of this region (Head & Muir 2006), with 9.6 per cent of domestic
houses within 130 m of natural reserves (Chen 2005), making this area a
suitable place to study the interaction between domestic spaces and bushland.

35

Fig. 3.1 Study area [National Parks and Wildlife Service (NPWS) 2002].

The Illawarra Region has various landscapes, including temperate rainforest,
open grassland, estuaries, lakes and coastal streams [Southern Rivers
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Catchment Management Authority (SRCMA) 2009], with abundant weed species.
Currently, there are over 200 weed species naturalised in Illawarra, including
grasses, forbs, shrubs, trees, vines and aquatic plants (Wollongong City Council
2009). Most of them are environmental weeds. Examples of common weed
species are Lantana (Lantana camara), Wandering Jew (Tradescantia
fluminensis), Privet (Ligustrum sinense, Ligustrum lucidum), and Onion Weed
(Nothoscordum borbonocum).

3.3 Questionnaire design

A self-administered mail survey was conducted among Wollongong households
who live adjacent to bushland (one questionnaire for one adult responsible for
gardening decisions in each household). The survey questionnaire was designed
based on a literature review and experience of the researchers. After the
questionnaire draft was finished, the draft copies were sent to ten Wollongong
local residents (volunteers or staff in University of Wollongong), and they were
invited to give comments and suggestions about how to refine the questionnaire.

These residents were also invited to give suggestions on the improvement of a
new scale for measuring self-control in the domain of plant choice. The original
draft of the scale items was designed mainly based on the 13-item self-control
scale of Tangney, Baumeister and Boon (2004) and the UPPS Impulsive
Behaviour scale of Whiteside and Lynam (2001). The reason why I did not use
the existing self-control scales from previous studies but designed a new one is
that it could be better for the self-control scale in the context of a gardening
questionnaire to relate to plant choice, while the existing scales only relate to
behaviours in general or other domains. The residents were invited to indicate to
what extent they think the self-control scale truly reflects how strong one
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person’s ability to “override…undesired behavioural tendencies (such as
impulses) and refrain from acting on them” (Tangney, Baumeister & Boone 2004)
when choosing garden plants as a face validity test (Beckstead 2009; Hardesty
& Bearden 2004; Haynes, Richard & Kubany 1995; Nevo 1985). It is suggested
that the group of persons whom the questionnaire is targeting are appropriate
raters in a face validity test of scales in this questionnaire (Nevo 1985). If they
disagreed that the scale was a good representation of self-control, their
suggestions about how to modify and refine the scale were sought.

Additionally, there are 28 questions and 5 sections in this questionnaire. The first
two sections mainly focus on garden-related behaviours. Section three includes
scales measuring several socio-psychological variables. Section four asks
people’s personal information, such as gender, education and age. The
participants’ source of information about choosing garden plants is asked in the
last section. A full-version of this questionnaire is attached in appendix A.
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3.4 Sampling size

Before the sampling strategy was finalised, the population size of Wollongong
households who live adjacent to bushland was identified by counting dwellings
that are adjacent to bushland from an online map of reserves (Illawarra
Bushland

Database

<http://bushlands.southerncouncils.nsw.gov.au/>)

and

google earth. The bushland identified for this study is defined as “an area of
predominantly native shrub and tree layer in close…proximity to suburban
development” (Head & Muir 2006). These areas are usually designated as
“Natural Areas” under the NSW Local Government Act, and of ecological
significance. Local governments are required to manage them to protect their
ecological values.

The number of households meeting this criterion was about 7448. The sample
size was roughly determined by referencing the book of Rea and Parker (2005).
According to Rea and Parker (2005, p. 150), the sample sizes for population size
of 5000 and 10,000, for the 95 per cent levels of confidence, and for margins of
error of ±5 per cent, are respectively 357 and 370. Thus, for a population size of
7448, the sample size should be in between of 357 and 370. In order to get
enough number of responses to keep the margins of error within an acceptable
range, I decided to send 2000 questionnaires to the suitable households.

3.5 Sampling strategy

A stratified and cluster sampling strategy was employed. Firstly, I listed all of the
suburbs in the Wollongong LGA and their Index of Relative Socio-Economic
Advantage and Disadvantage (IRSAD) generated by the Australian Bureau of
Statistics. Each of the suburbs in Australia has been assigned an IRSAD value
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according to their socio-economic status, and been ranked into ten categories
from number one (most disadvantageous ten per cent) to ten (most
advantageous ten per cent) (Pink 2011). Among all of the Wollongong suburbs, I
randomly chose one to three suburbs from each of the ten IRSAD ranks. Within
the chosen suburbs from each rank, I sent 200 questionnaires to the suitable
households. Finally, I sent 2000 questionnaires to suburbs across the IRSAD
spectrum. The chosen suburbs are listed in table 3.1.

Further, all of the questionnaires were hand delivered to the targeted households
from 28th August to 2nd September 2013. A reply-paid envelope was provided for
the household to return the finished questionnaire. Besides the paper version,
people could also do this survey online through a weblink, which was provided in
the cover letter of the questionnaire.
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Table 3.1 Suburbs chosen for survey delivery.
Suburb name

Postcode

IRSAD rank

Berkeley

2506

1

Port Kembla

2505

1

Lake Heights

2502

2

Primbee

2502

2

Windang

2528

2

Coniston

2500

3

Corrimal

2518

4

Russell Vale

2517

4

Tarrawanna

2518

5

Woonona

2517

6

Balgownie

2519

7

Bulli

2516

7

Figtree

2525

8

Mount Keira

2500

9

Mount Ousley

2519

9

Mount Pleasant

2519

10

Stanwell Park

2508

10

Two weeks after the first day of questionnaire delivery, 2000 follow-up letters
(attached in appendix B) were delivered to the same households which
questionnaires were delivered to. The follow-up letters were used to either thank
people who responded to this survey or remind people who did not respond.
Follow-up reminders have been reported to be an effective technique to improve
response rate (Dillman 1991; Edwards et al. 2002; Fredrickson et al. 2005).
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3.6 Socio-demographic features of respondents

The data collection took nearly two month to finish, and 382 finished
questionnaires were sent back either online or through post yielding a response
rate of 19.1%.

The percentage of respondents’ postcodes was shown in fig. 3.2. About two
thirds of the respondents lived in the top four postcode areas, which were 2525,
2519, 2500 and 2518. Most suburbs represented by the top four postcodes had
a high IRSAD rank (>=7). The top two postcodes only represented high IRSAD
suburbs (>=7), and more than one third of the respondents lived in the top two
postcode areas. It was probable that people who lived in suburbs with high
economic status were more likely to respond.

18.8%
17.5%
16.4%

15.9%

9.5%

6.1%

5.6%
3.7%
2.6% 2.6%
0.8%

0.3% 0.3%

Fig. 3.2 Percentage of total responses as distributed across their source
postcode.
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Further, more than half of the respondents (54.6%) were female, while 50.5% of
the Wollongong population were female (Australian Bureau of Statistics 2011).
The total sample covered four age levels: under 30 (4.6%), 31 to 50 (34.1%), 51
to 70 (43.9%), and over 70 (17.4%), showing most of the questionnaires were
finished by middle-aged and elderly people. The median age of the respondents
was 55, and the median age of the Wollongong population was 38. In terms of
education, 31.3% reported they had completed diploma or trade/apprenticeship,
22.4% postgraduate degree, 21.4% secondary education, 20.8% bachelor’s
degree, and 4% primary education. Noticeably, 43.2% of the respondents have
completed a bachelor or higher degree, and only 16.8% of the Wollongong
population have achieved that. As for employment status, 33.7% were employed
full-time, 29.7% retired, 16.7% employed part-time, 9.3% self-employed, 6.4%
home duties, 1.3% unemployed, 1.3% full-time student, 0.3% part-time student,
and 1.3% in other status. Thus, 59.8% of respondents aged 15 years and over
were employed in any forms. In comparison, 93% of persons aged 15 years and
over in Wollongong were employed. As for income, 16.5% of respondents
refused to reveal their income, 28% $ 1300-2099/week, 17% $ 750-1299/week,
16.5% $ 2100-4149/week, 11% $ 350-749/week, 6% $ 1-349/ week, and 5%
$ 4150+/week. The median weekly household income of the respondents was
within the range of $ 1300-2099, while that for the Wollongong population was
$ 1101 (Australian Bureau of Statistics 2011). In summary, compared with the
general Wollongong population, the respondents to this survey, who are also
Wollongong residents, are more likely to be female, to age older, to gain a
bachelor or higher degree, to be unemployed (probably retired), and to have a
higher household income.
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3.7 Measures

The survey questionnaire measured several variables by questions or items.
This section gives a detailed description about how these variables were
measured. All ordinal items of the following variables (except variables in
sub-section 3.7.1 and 3.7.9) were coded on a five-point scale. The mean of the
scores for the items under each of the following variables constituted the score
for each variable (appendix F shows means, SDs, and scale reliabilities). The
items of attitude, subjective norm, self-control, and time pressure were scored
from strongly disagree (1) to strongly agree (5) with reversed items coded in a
reverse way.

3.7.1 Garden-related behaviours

There were seven garden-related behaviours involved in this study, and six of
them were measured by frequency (table 3.2). The answer to each question was
coded from 0 to 5, with 0 representing never and 5 representing the other end of
the scale. Their means and standard deviations are presented in table 5.2.

The seventh garden-related behaviour was labelled as plant choice, which was
measured by asking “what kind of garden plants you have obtained in the last 12
months”. Response options include: only non-native plants (coded as 1), mainly
non-native plants (coded as 2), unsure (coded as 0), mainly native plants (coded
as 3), and only native plants (coded as 4). In the regression analysis and path
analysis, plant choice functioned as an ordinal variable, and the choice unsure
selected by respondents (9.1%) was treated as missing value.

I also transformed plant choice into a dichotomous variable by collapsing value 1
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to 4 into a single category [aware of plant origin (1)]. This variable was labelled
as awareness of plant origin with two choices unsure (0) and aware of plant
origin (1).

Among the seven behaviours, I used the mean of each respondent’s scores of
weeding INR and bush restoration INR as this respondent’s value of
bush-friendly behaviour.
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Table 3.2 Questions asking garden-related behaviours.
Behaviour
Gardening

Question
How often do you or someone else undertake

Choices
Every day

gardening activities on your property?

At

least

once

a

At least every

At least once

Less

than

fortnight

a month

once a month

At least once

At least once

Less

every

a year

once a year

Never

week
Obtaining

garden

How often do you buy or obtain garden plants?

plants

At
once

least
a

week
Weeding within the

How often did you carry out weeding on your

garden

property last spring and summer (from Sept. 2012
to Feb. 2013)?

At

At

least

once

a

month

least

At

three

than

Never

months

least

At

least

Less

than

every

three

every

three

At least once a
Leaving

organic

How often you did the following activities in the

once

a

every
month

materials INR

neighbouring reserve(s) in the last spring and

Weeding INR

summer (from Sept. 2012 to Feb. 2013)?

Bush restoration INR
Note: INR = in the neighbouring reserve(s).
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week

fortnight

months

months

Never

3.7.2 Attitude

Four items measured respondents’ attitude: “I find the idea of planting native
plants disagreeable” (reversed), “I find the idea of planting native plants
unpleasant” (reversed), “My feelings towards planting native plants are
favourable”, “I find the idea of planting native plants pleasing”. The wording was
derived from several other studies (Ajzen 1991; Ajzen 2005; Knussen & Yule
2008).

3.7.3 Subjective norm

Two items measured subjective norm: “I think mainly planting native plants is a
common practice among my friends and relatives”, “I think mainly planting native
plants is a common practice among Australians”. The wording was referred to
Ajzen (1991). I did not word the items like “most people who are important to me
would expect me to mainly plant native plants” (a kind of wording used by
numerous studies), since it is reported gardening is a highly private issue and
most people express a protective attitude towards the plants in their gardens
(Blood & Slattery 1996; Timms 2006, p. 187). Local residents may respect other
people’s plant choice and not expect them to grow a certain group of plants
(Blood & Slattery 1996).

3.7.4 Self-control

Twelve items measured self-control, and they are listed in table 3.3. After the
reliability analysis of the initial 12-item scale, I decided to drop 4 items (items i, j,
k, l), so the final self-control scale only included 8 items. The detailed description
of why these four items should be removed is presented in section 4.3.
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Table 3.3 Items of self-control scale.
a.

Before I decide to obtain garden plants, I will try to find out some information
about them to justify my purchase

b.

Before I decide to obtain garden plants, I will think about the future impact of
planting them in my garden

c.

When I decide to obtain a garden plant, I should be very clear on which plants I
should not choose (e.g. plants which may not fit my garden)

d.

When I see a garden plant I really like, I try to obtain it immediately without

Reversed

thinking about any negative aspects related to it
e.

It is hard for me to resist obtaining the plant I really like

Reversed

f.

Choosing garden plants is a trivial matter, I do not usually pay much attention to

Reversed

it
g.

Even if planting a certain plant in my garden is going to have some negative

Reversed

consequences, it may not be a big deal, so I will not care too much
h.

Even if a garden plant is very attractive to me, I will not obtain it if I know the
consequences may be bad (such as it becoming a weed in the neighbouring
environment)

i.

I generally seek new garden plants that I never grew before, even if they are a

Reversed

little different from what I already have
j.

I will try any new garden plants I find at least once, provided they are suitable
for my garden

k.

Once I have a procedure of choosing garden plants, I will hook on to it

l.

Once I start a project (such as renovating my garden), I almost always finish it
without much delay
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Reversed

3.7.5 Time pressure

To measure time pressure, Roxburgh’s (2002) 9-item time pressure scale was
examined according to the suggestions from local residents, and two items were
discarded to reduce redundancy. The remaining seven items were employed: “I
never seem to have enough time to get everything done”, “I feel rushed or
pressed for time”, “I am often in a hurry”, “I have enough time for myself”
(reversed), “I feel that too much is expected of me”, “I worry about how I am
using my time”, and “I am always running out of time”.

3.7.6 Perceived harm

Three items measured Perceived harm: “to what extent you think non-native
plants in general are harmful to bushland near to you home”, “Australia’s natural
environment”, and “Australian agriculture”, all scored from not harmful (1) to
extremely harmful (5).

3.7.7 Intentions

In this study, there were two types of intentions (intention to increase and
intention to remove). They were both measured by one item: “to what extent do
you have any intention to increase the extent to which your garden is made of
native plants” (Intention to increase), and “remove the non-native plants found in
the neighbouring reserve(s)” (intention to remove), both scored from no intention
(1) to firm intention (5). As stated by Courneya (1994), one item may be enough
to measure intention, since it is a straightforward construct. Kimiecik (1992)
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reports that it should be cautious on using intention measured by multiple items,
because it is generally hard to separate intention items (such as “I intend...”)
from self-prediction items (such as “I will...”).

3.7.8 Knowledge of Initiatives

Four items measured Knowledge of initiatives: “please indicate your level of
knowledge of Greenplan”, “Bushcare”, “Grow Local” and “Grow Me Instead”, all
scored from no knowledge (1) to a lot of knowledge (5).

3.7.9 Other measures and variables

There were two other items scored by respondents from strongly disagree (1) to
strongly agree (5), and they were: “at places where garden plants are for sale,
there is sufficient information about the origin of plants (introduced from abroad,
native in Australia or local in Illawarra)”, and “I find the range of garden plants
offered by retailers such as nurseries limits my ability to buy the plant I want”.
They were labelled respectively as plant origin information and perceived
limitation of plant availability.

Additionally, several other variables were measured by survey questions
(attached in appendix A), and they include: respondents’ sources and most
important source of garden plants [survey question (SQ) 4, 5], respondents’
sources and most important source of information about choosing garden plants
(SQ 27, 28), types of the boundary between garden and the neighbouring
reserve(s) (SQ 6, 7), reason of leaving organic materials in the neighbouring
reserve(s) (SQ 10), weeds of most concern (SQ 11), issues thought about when
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choosing garden plants (SQ 14), gender (survey question 18), education (SQ
19), age (SQ 20), source postcode of respondents (SQ 21), number of adults
and children in the household (SQ 22), employment status (SQ 23), hours spent
on paid work and study per week (SQ 24), and income (SQ 25). Among them,
number of children (Roxburgh 2002), hours spent on paid work and study per
week (Verplanken & Sato 2011), age and income (Graesch 2009; Gunthorpe &
Lyons 2004; Hamermesh & Lee 2007; Robinson & Godbey 2005) are related to
subjective and objective time availability. Thus, these variables and time
pressure are all time-related variables.

3.8 Data analysis

The statistical analysis of this study is separated into four parts represented by
the four chapters (chapters 4, 5, 6, 7). The first part (chapter 4) focuses on the
scale reliability of variables measured by multiple items on an ordinal scale in
order to justify the use of these variables in the statistical analysis. Firstly, the
internal consistency of these variables was examined by Cronbach’s alpha with
original data, and Cronbach’s alpha in one-dimension categorical principal
components analysis (CATPCA) with nonlinear optimal scaling transformations. I
used CATPCA to calculate the Cronbach’s alpha, since it applies to multiple
ordinal items and does not assume linear relationships and multivariate
normality of data (Meulman, van der Kooij & Heiser 2004; Starkweather &
Herrington 2012). For variables with four or more items, in order to examine their
reliability and correlations of items within each scale, single-factor confirmatory
factor analysis (CFA) models were built by using Amos, which is a statistical
software package of SPSS for conducting SEM (Arbuckle 2012).
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The following three parts of statistical analysis are corresponding to the three
objectives (described in section 1.2, chapter 1) of this study. Chapter 5 is to fulfil
the objective one, namely to clarify the garden-related behaviours of
respondents. Frequency and descriptive analyses were conducted to explore
the six garden-related behaviours, the types of boundary between garden and
neighbouring reserve(s), and the weeds of most concern to respondents. The
relationships among garden-related behaviours and other variables (described
in section 3.7, chapter 3) were examined by Spearman correlation.

Chapter 6 emphasises issues concerning respondents’ plant procurement
(objective two), and frequency analysis was used.

Chapter 7 focuses on the objective three (to identify the factors that influence
respondents’ garden-related environmental behaviour). Frequency, descriptive
and correlational analyses referring to the garden-related environmental
behaviours and their explanatory variables were conducted. Environmental
behaviours were further analysed by regression analyses. Firstly, I used ordinal
regression to explore which factors directly influenced respondents’ plant choice
(four-point ordinal scale). The mediational role of intention to increase on the
relationship between self-control and plant choice (four-point) was explored by a
series of ordinal regression analyses. Furthermore, binary logistic regression
was employed to explore which factors directly influenced respondents’
awareness of plant origin. Following this, hierarchical multiple linear regression
was used to evaluate each variable’s contribution to the explanation of
respondents’ bush-friendly behaviour. Interaction effect among explanatory
variables was also identified, and a simple slopes analysis (Aiken & West 1991;
Knussen & Yule 2008) was conducted. Finally, two path models to identify the
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variables that exert an indirect effect on plant choice (four-point ordinal scale)
and bush-friendly behaviour through intention were tested by applying path
analyses.

To clarify the statistical methods, I relate them to the corresponding objectives of
this study in the following table 3.4.

Table 3.4 An overview of statistical methodologies and the corresponding
research questions.
Objective
To

test

the

Specific research question
internal

N/A

(provide

consistency (reliability) of

information

variables

analyses)

measured

by

for

supportive
the

following

Statistical method
Cronbach’s alpha, CATPCA
with

nonlinear

optimal

scaling transformations, and

multiple items (chapter 4).

SEM

Objective one (chapter 5):

1. How often do respondents

Frequency and descriptive

Clarify the garden-related

perform

analysis

behaviours of respondents.

behaviours?

the

garden-related

2. Why do they leave organic

Frequency analysis

materials INR?
3. How do these behaviours

Spearman’s

rank-order

interconnect with each other?

correlation

4. What kind of boundary or fence

Frequency analysis

do respondents set between their
garden

and

the

neighbouring

reserve(s)?
5. What are the weeds of most
concern to respondents?

53

Frequency analysis

1. What kind of garden plants

Frequency analysis

(native or non-native) they obtain?
Objective two (chapter 6):

2. Where do they obtain garden

Clarify issues concerning

plants?

respondents’

3. Where do they find information

plant

procurement.

Frequency analysis

Frequency analysis

about choosing garden plants?
4. What issues they think about

Frequency analysis

when choosing garden plants?
Objective three (chapter 7):

1. What are the factors that exert

Frequency and descriptive

Identify

a

analysis, ordinal regression,

the

influence

factors

that

respondents’

garden-related

direct

influence

garden-related

on

the

environmental

behaviour?

binary
and

environmental behaviour.

logistic

regression,

hierarchical

multiple

linear regression
2. What are the factors that exert

Path analysis

an indirect effect on respondents’
plant choice (four-point ordinal
scale)

and

bush-friendly

behaviour through intention?
3. How do these factors interact

Spearman’s

and correlate with each other?

correlation,

rank-order
simple

slopes

analysis, ordinal regression
and path analysis
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CHAPTER 4: RESULTS ONE: SCALE RELIABILITY

4.1 Introduction

As discussed in section 3.7 of chapter 3, seven variables were measured by
multi-item scale in the questionnaire. In order to guarantee the appropriateness
of using these variables in the statistical analysis, their reliability was carefully
examined and the detailed results are presented in this chapter.

The variables’ Cronbach’s alpha, Cronbach’s alpha in one-dimension CATPCA
with optimal scaling, variance in the optimally scaled items being accounted for
by the one-dimension model, and description of scale reliability are listed in table
4.1. Self-control scale here is the finalised 8-item scale.
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Table 4.1 Reliability coefficients and descriptions of scale reliability for the
multi-item scales in this study.
Parameter
Cronbach’s

Cronbach’s

Variance

alpha

alpha with

being

optimal scaling

explained (%)

Scale

Attitude

Description of scale reliability

.826

.889

75.1

Good
Two outliers (with significantly large
Mahalanobis

Subjective

distance)

were

removed. The two alpha values are
.598

.621 (.394**)

72.55

norm

within or very close to the acceptable
range (> .6), and there is a large
variance being accounted for.
Although the results show a high
internal consistency in the scale, the

Perceived
.904

.942

89.67

two alpha values are both above .9

harm
indicating

the

existence

of

redundancy.
Self-control

.675

.788

40.27

Acceptable

Time pressure

.883

.891

60.45

Good
One outlier with a significantly large

Knowledge of
.811

.842

67.85

Mahalanobis distance was removed.

initiatives
The scale reliability is good.
Bush-friendly
.827

.921 (.696**)

92.65

Good

behaviour
Note: ** p < 0.01 (2-tailed); Values in brackets are correlation coefficients.
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In summary, all of the scales had an acceptable or close to acceptable internal
consistency. To further test the reliability and the correlation among constituent
items of scales with four or more items, I built single-factor CFA models in Amos.
The detailed processes of CFA are presented in the following subsections.

4.2 Attitude

Before examining how well the CFA model for attitude fitted the data, the
assumptions of SEM were reviewed and checked. Firstly, cases with missing
values in any of the items were handled by hot deck imputation (Myers 2011, p.
303; Roth 1994), since 45 cases or 11.78% of the total 382 cases have missing
data. Roth (1994) claims that when more than 5% of the original cases in some
of the scale items have missing value, omitting cases may be improper for SEM.
Additionally, the sample size (382) is large enough to keep the SEM within an
acceptable accuracy. Further, Mardia’s multivariate kurtosis (1970) of this model
is 56.778, and the critical ratio is 80.087, indicating significant and severe
non-normality. To correct for the non-normality, I used Bollen-Stine p value to
evaluate the overall model fit. The number of bootstrap samples was set as 500.
I drew a covariance between e1 and e2, and the model for attitude is shown in
fig. 4.1.
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Fig. 4.1 The CFA model of attitude.
Note: e1-4 represent error terms; items a-b follow the order of items described in
subsection 3.7.2; single-headed arrows = standardised path-coefficients;
double-headed arrows = correlations; the number on each error term represents
variance. The p values of bootstrap parameter estimates are listed in table 4.2.
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Table 4.2 p values of bootstrap parameter estimates in the model of attitude.
Parameter

p value of bias-corrected

p value of

percentile method

percentile
method

Standardised

Item a <- Attitude

.007

.008

path-coefficient

Item b <- Attitude

.013

.008

Item c <- Attitude

.010

.008

Item d <- Attitude

.010

.008

Correlation

e1 <-> e2

.009

.008

Variance

e1

.008

.008

e2

.001

.008

e3

.004

.008

e4

.021

.023

For the CFA model, the Bollen-Stine bootstrap p is .687, and the mean value of
chi square is 1.778, indicating good model fit. Considering that the wording of
items a and b is relatively similar (“I find the idea of planting native plants
disagreeable”, and “I find the idea of planting native plants unpleasant”), it is
reasonable to conclude that there is shared variance between them.

4.3 Self-control

Firstly, I did reliability analysis of the initial 12 items. The Cronbach’s alpha
is .579. The Cronbach’s alpha in CATPCA with optimal scaling is .776, and the
eigenvalue is 3.463, indicating 28.86% of the variance being explained.

The

scale does not show a good reliability at this stage. According to the coordinate
table of CATPCA (table 4.3) generated by SPSS, the coordinates of three items
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(i, j, l) are very close to 0.1, indicating they may not suitably contribute to the
principal component. I decided to remove them from the scale and do the
reliability tests again.

Table 4.3 Coordinates of self-control items.
Centroid Coordinate

Total (Vector Coordinate)

Item a

.470

.468

Item b

.569

.566

Item c

.436

.431

Item d

.368

.356

Item e

.151

.121

Item f

.395

.389

Item g

.443

.411

Item h

.347

.295

Item i

.107

.047

Item j

.132

.092

Item k

.156

.153

Item l

.135

.135

Active Total

3.710

3.463

Note: items a-l follow the order of items described in subsection 3.7.4.

The second CATPCA with optimal scaling showed that centroid coordinate of
item k is only 0.093. After removing item k from the scale, I got a good result and
decided to keep the remaining eight items (item a-h). For the new scale,
Cronbach’s alpha in CATPCA is .788, and the eigenvalue is 3.222, indicating
40.27% of the variance being explained.
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I built a CFA model of the eight-item self-control scale in AMOS (Fig. 4.2). Hot
deck imputation was applied, since 29 cases or 7.59% have missing values.
Mardia’s multivariate kurtosis (1970) is 24.373, and the critical ratio is 18.830,
indicating significant and severe non-normality. Thus, I used Bollen-Stine
p-value to evaluate the overall model fit.

Fig. 4.2 The CFA model of self-control.
Note: single-headed arrows = standardised path-coefficients; double-headed
arrows = correlations; e1 to e8 represent error terms, and the number on each
error term represents variance. The p values of bootstrap parameter estimates
are listed in table 4.4.
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Table 4.4 p values of bootstrap parameter estimates in the model of self-control.
Parameter

p value of bias-corrected

p value of

percentile method

percentile method

Standardised

Item a <- Self-control

.008

.008

path-coefficient

Item b <- Self-control

.011

.008

Item c <- Self-control

.004

.008

Item d <- Self-control

.014

.008

Item e <- Self-control

.309

.255

Item f <- Self-control

.008

.008

Item g <- Self-control

.010

.008

Item h <- Self-control

.013

.008

e5 <-> e4

.006

.008

e7 <-> e6

.011

.008

e7 <-> e5

.003

.008

e7 <-> e4

.004

.008

e1

.004

.008

e2

.005

.008

e3

.005

.008

e4

.006

.008

e5

.003

.008

e6

.003

.008

e7

.007

.008

e8

.004

.008

Correlation

Variance

The Bollen-Stine bootstrap p of the model is .315, and the mean value of chi
square is 18.181, indicating good model fit. However, as shown in fig. 4.2, item e
is not significantly related to the latent variable, but has shared variance with two
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other items. I then removed item e from the model, and did the analysis again.
The new result shows: the Bollen-Stine bootstrap p is .409, and the mean value
of chi-square is 13.415. The second result is not considerably different from the
first one. MacCallum, Roznowski and Necowitz (1992) argue that if a model has
a good fit to the data initially, it would be unnecessary to further fix the model.
Thus, it may not be necessary to remove item e from the scale. The statement of
item e is “It is hard for me to resist obtaining the plant I really like”. It reflects an
individual’s lack of ability to override the impulses (Tangney, Baumeister &
Boone 2004), so respondents’ answer to this question could to a large extent
reflect their self-control in reverse. Item e is not significantly related to
self-control probably due to the correlations drawn between error terms. In
consideration of the aforementioned issues, I decided to keep this item in the
final scale.

4.4 Time pressure

The assumptions of SEM for the CFA model of time pressure were checked.
Firstly, missing data was handled by hot deck imputation, since 41 cases or
10.73% have missing data. Additionally, the sample size (382) is large enough to
keep the SEM within an acceptable accuracy. Finally, Mardia’s multivariate
kurtosis (1970) of this model is 7.862, and the critical ratio is 6.844, indicating
significant but moderate non-normality. Thus, it is appropriate to use the
common maximum likelihood-based p value, Comparative Fit Index (CFI), and
Root Mean Square Error of Approximation (RMSEA) to evaluate the overall
model fit. I drew covariances between several error terms, and the model for
time pressure is shown in fig. 4.3.
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Fig. 4.3 The CFA model of time pressure.
Note: e1-7 represent error terms; items a-g follow the order of items described in
subsection 3.7.5; the p values of all estimates are less than 0.01; single-headed
arrows = standardised path-coefficients; double-headed arrows = correlations;
the number on each error term represents variance.

For the CFA model, χ2 (df = 10, N = 382) = 10.788, p = .374; CFI = .992; RMSEA
= .014, indicating a good model fit. Correlations occur in the last three items,
maybe because after people finished half of the scale, they started to
automatically tick the answer so that the last several items had the same or
similar answers.
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4.5 Knowledge of initiatives

The assumptions of SEM for the CFA model of knowledge of initiatives were
checked. Firstly, missing data were handled by hot deck imputation, since 42
cases or 10.99% have missing data. Besides, one outlier with a significantly
large Mahalanobis distance was removed from this model. The number of
remaining cases (381) is large enough to keep the SEM within an acceptable
accuracy. Further, Mardia’s multivariate kurtosis (1970) of this model is 14.256,
and the critical ratio is 20.109, indicating significant and severe non-normality. To
correct for the non-normality of the data, I used the Bollen-Stine p value to
evaluate the overall model fit. The number of bootstrap samples was set as 500.
I drew a covariance between e3 and e4, and the CFA model is shown in fig. 4.4.

Fig. 4.4 The CFA model of knowledge of initiatives.
Note: e1-4 represent error terms; single-headed arrows = standardised
path-coefficients; double-headed arrows = correlations; the number on each
error term represents variance. The p values of bootstrap parameter estimates
are listed in table 4.5.
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For this model, the Bollen-Stine bootstrap p is .453, and the mean value of chi
square is 1.492, indicating good model fit. Considering that Grow Local and
Grow Me Instead have similar functionality both serving people with information
about local plants by brochures or through internet, it is reasonable to conclude
that there is shared variance between Grow Local and Grow Me Instead.

Table 4.5 p values of bootstrap parameter estimates in the model of knowledge
of initiatives.
Parameter

p value of

p value of

bias-corrected

percentile

percentile method

method

Standardised

Greenplan <- Knowledge of initiatives

.009

.008

path-coefficient

Bushcare <- Knowledge of initiatives

.014

.008

Grow Local <- Knowledge of initiatives

.009

.008

Grow Me Instead <- Knowledge of initiatives

.016

.008

Correlation

e4 <-> e3

.006

.008

Variance

e1

.006

.008

e2

.010

.008

e3

.004

.008

e4

.005

.008
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4.6 Summary

The internal consistency of all multiple item scales is within or very close to the
acceptable range. The alpha values for all scales except subjective norm and
self-control are larger than .80. CFA models for all scales with more than three
items have an acceptable model fit, and correlated error terms were detected
within all of them. All of the correlation coefficients are less than .60.

With the reliability of the multi-item variables being tested, the appropriateness
of using these variables in the statistical analyses is justified. In the following
three chapters, the variables were applied to correlation analysis, regression
analysis, and path analysis in order to fulfil the three objectives of this study.
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CHAPTER

5:

RESULTS

TWO:

CLARIFY

THE

GARDEN-RELATED

BEHAVIOURS

5.1 Introduction

This chapter is addressing objective one (to clarify the garden-related
behaviours of respondents) and the specific questions under objective one
(described in section 1.3 of chapter 1). These results help to understand what
respondents do to their gardens and the neighbouring reserve(s). Firstly, I
generated the percentage of each frequency in the six garden-related
behaviours. Descriptive statistics of these behaviours are presented in appendix
F. The reasons for respondents leaving organic materials INR were specifically
explored, and the percentage of each reason was listed. Furthermore,
Spearman rank-order correlation was applied to these behaviours to detect their
interconnections. Spearman correlations between these behaviours and other
variables (described in section 3.7, chapter 3) were also examined to detect the
influencing factors of these behaviours. Following this, different types of
boundaries between garden and the neighbouring reserve(s) were illustrated
according to their percentages. Lastly, bar charts are presented to show the
weeds of different levels of concern to respondents. The variables and
corresponding statistical methods are presented in table 5.1. Generally,
gardening is the most frequent garden-related behaviour, and weeding within the
garden is the second. All of the behaviours outside the garden are never
performed by more than half of respondents. Most respondents have a garden
boundary that does not provide an opaque or solid barrier between gardens and
reserve(s) that block off sight or access to the reserve(s). The weed species of
most concern to respondents are Lantana and Wandering Jew.
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Table 5.1 An overview of the variables, sections where the variables are
presented, statistical methods and corresponding objectives.
Variable

Section

Statistical method

Objective

Garden-related behaviours

5.2

Frequency analysis

To gain an understanding

Garden-related behaviours, and

5.3

Spearman’s

of what respondents do

rank-order correlation

related to their gardens

Frequency analysis

and

other variables in this study
Boundary type

5.4

the

neighbouring

reserve(s),

and

which

factors exert an influence
on

the

garden-related

behaviours
Weeds of most concern

5.5

Frequency analysis

To detect which weed
species are of concern to
respondents

5.2 Frequency of garden-related behaviours

Fig. 5.1 shows most respondents did gardening very frequently with nearly 20%
gardening everyday, more than 40% at least once a week, and nearly no one
was never gardening.
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Fig. 5.1 Percentage of respondents with different frequency of gardening.

However, respondents did not buy or obtain new garden plants very often, with
more than 30% obtaining garden plants at least every three month, and about
30% at least once a year (Fig. 5.2).
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N=377

Percentage
(%)
Fig. 5.2 Percentage of respondents with different frequency of obtaining garden
plants.

Fig. 5.3 shows that most respondents did weeding in their gardens at a
moderate frequency, with nearly one third weeding at least every fortnight, about
one quarter at least once a month, and more than one fifth weeding on a weekly
basis.
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N=373

Percentage
Fig. 5.3 Percentage of respondents with different frequency of weeding within
the garden.

As for dumping organic materials INR (fig. 5.4), an overwhelming majority
(76.3%) never did that. Among those who did and responded, using the organic
materials as compost or mulch is the most common reason, accounting for more
than half of the respondents (fig. 5.5). The second most common reason (31.6%)
is that it is good for the environment. In contrast, reasons showing carelessness
or irresponsibility, including “inadequate bin capacity” and “it is convenient”, are
ranked lower.
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N=346

Percentage
Fig. 5.4 Percentage of respondents with different frequency of leaving organic
materials in the neighbouring reserve(s).
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N=76

Percentage

53.9%

31.6%
27.6%

23.7%

3.9%

Fig. 5.5 Percentage of different reasons for leaving organic materials in the
neighbouring reserve(s).

Additionally, both of weeding INR and bush restoration INR were rarely
undertaken by respondents (fig. 5.6 and 5.7), with more than half never weeding
INR, and more than two thirds never doing bush restoration INR. About 15% of
respondents weeded INR at least once a month, and only less than 10% did
bush restoration INR at this frequency.
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N=355

Percentage
Fig. 5.6 Percentage of respondents with different frequency of weeding in the
neighbouring reserve(s).
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N=339

Percentage
Fig. 5.7 Percentage of respondents with different frequency of bush restoration
in the neighbouring reserve(s).

5.3 Correlation analyses

According to table 5.2, the three behaviours within the garden (gardening,
obtaining garden plants, and weeding within the garden) are all positively
correlated with each other at a significant level. Similarly, the three behaviours
outside the garden (leaving organic materials INR, weeding INR, and bush
restoration INR) are also significantly correlated with each other. However, the
correlations between behaviours within the garden and behaviours outside the
garden are relatively weak.
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Table 5.2 Means, standard deviations, and Spearman correlation coefficients for
garden-related behaviours (numbers 1 to 5 in the first row respectively
represent the first five behaviours in the first column).
Maximum
Mean (SD)

1

2

3

4

5

-minimum
1. Gardening

3.51 (1.21) 0-5

2. Obtaining garden plants

2.55 (1.10) 0-5

.493**

3. Weeding within the garden

3.46 (1.26) 0-5

.514** .341**

4. Leaving organic materials INR

.57 (1.19)

.082

5. Weeding INR

1.23 (1.55) 0-5

.174** .1

.226** .362**

6. Bush restoration INR

.69 (1.22)

.138* .048

.156** .276** .696**

0-5

0-5

.016

.1

Note: *p < .05 (2-tailed); **p < .01 (2-tailed). INR = in the neighbouring reserve(s).

The correlations between garden-related behaviours and other major variables
(described in section 3.7 of chapter 3) are presented in table 5.3. Descriptive
analyses of these variables are presented in appendix F. Among the six
behaviours, gardening is the one most correlated with time-related variables
(time pressure, number of children, hours spent on paid work and study per
week, age and income). All other behaviours except obtaining garden plants are
negatively correlated with time pressure with p values less than .05, but only
have relatively weak correlations with other time-related variables.
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Table 5.3 Spearman correlation coefficients between garden-related behaviours and other variables (numbers 1 to 6 in the first
column respectively represent the six behaviours).
Attitude

Subjective
norm

Perceived harm

Intention to

Intention to

increase

remove

Self-control

Time
pressure
*

1. Gardening

-.001 (.987)

.011 (.838)

-.019 (.730)

.079 (.133)

.114 (.032)

.173 (.001)

-.225 (<.001)

2. Obtaining

.046 (.402)

.055 (.298)

-.051 (.351)

.181 (.001)

.102 (.056)

.111 (.037)

-.051 (.345)

-.010 (.863)

.079 (.139)

.018 (.736)

.067 (.205)

.083 (.122)

.104 (.052)

-.110 (.045)

-.028 (.613)

-.031 (.567)

-.118 (.033)

-.085 (.120)

.138 (.012)

-.075 (.174)

-.138 (.014)

.010 (.857)

.011 (.845)

.051 (.357)

.167 (.002)

.477 (<.001)

*

.053 (.328)

-.152 (.006)

*

.083 (.138)

-.117 (.039)

garden plants
3. Weeding within
the garden
4. Leaving organic
materials INR
5. Weeding INR
6. Bush

.027 (.629)

.073 (.186)

-.012 (.834)

.123 (.024)

.423 (<.001)

restoration INR

1

Knowledge of

Plant origin

Perceived limitation

initiatives

information

of plant availability

.131 (.015)

-.073 (.163)

.049 (.350)
*

Age
*

Number of

Hours spent on paid work

children

and study per week

Income

.230 (<.001)

-.174 (.001)

-.146 (.007)

-.119 (.034)

2

.166 (.002)

-.094 (.074)

.182 (<.001)

-.022 (.670)

-.054 (.301)

.080 (.141)

.071 (.211)

3

.154 (.005)

-.056 (.290)

-.011 (.840)

.086 (.101)

-.106 (.042)

-.017 (.759)

.066 (.249)

4

-.015 (.789)

5
6

.088 (.107)

-.071 (.194)

.059 (.280)

-.045 (.401)

-.066 (.248)

.039 (.509)

*

.025 (.638)

-.001 (.988)

.061 (.264)

-.004 (.943)

-.041 (.464)

.037 (.527)

*

.074 (.181)

-.057 (.300)

.132 (.017)

-.072 (.187)

-.105 (.067)

.021 (.729)

.259 (<.001)
.306 (<.001)

Note: numbers in brackets are p values; *p < .001 (2-tailed), Bonferroni adjusted alpha level = .0006 (= .05/84); INR = in the neighbouring reserve(s).

78

The strongest correlations lie in the relationship between intention to remove
and weeding INR, and the relationship between intention to remove and bush
restoration INR, with Spearman coefficients both larger than .4. Intention to
remove is also correlated with gardening and leaving organic materials INR, but
the effects are much weaker.

Additionally, knowledge of initiatives is correlated with all behaviours with p
values less than .05 except leaving organic materials INR. Bush restoration INR
has the strongest correlation with knowledge of initiatives, but the effect is still
relatively weak, only around .3 (Field 2009).

5.4 Boundary between garden and the neighbouring reserve(s)

One issue that may influence respondents’ interaction with the environment
outside their gardens is the status or type of the boundary. According to fig. 5.8,
fence was the most common boundary between inside and outside, with about
two thirds of the respondents reporting fences of different types. Another point is
that most boundaries did not block residents’ view of neighbouring natural areas.
About two thirds of the boundaries could either be looked over or looked through.
Only about one fifth of the households had no-gate fences. The result shows that
the boundary generally does not provide an opaque or solid barrier between
gardens and reserve(s) that block off sight or access to the reserve(s).
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N=377
20.4%

Percentage

14.6%
12.7%
10.3%
8.5%

8.0%

7.2%

7.2%

6.1%
5%

Fig. 5.8 Percentage of boundary types.
5.5 Weeds of most concern

People were asked to list, in order of concern, the weed species in their gardens
and the neighbouring reserve(s) that were of concern to them. Since some
respondents did not know the name of the weeds, they simply gave a description
or ambiguous name. In many cases, this information was sufficient to identify the
weeds they were referring to. Where it was uncertain, I grouped these answers
into a single category named “unknown weed”. Additionally, “grass” and “vine”
were also set as two categories, since many respondents nominated them. In
total, there are 81 categories of weeds, among which 3 categories are
unidentified (grass, vine and unknown weed). Scientific and common names of
these weeds are listed in appendix D, and the frequency of each weed category
is listed in appendix E. The frequencies of the weeds of concern are briefly
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shown in the following three bar charts (Fig. 5.9-11). Lantana and Wandering
Jew have the highest two percentages in all of the three charts, showing their
significance. Although the total number of nominated weed species is large, a
small number of weed species dominate the three charts. Privet, Asparagus
Fern and Bindii are among the top ten weeds in all of the three charts. Onion
Weed and Morning Glory are among the top ten in the first two charts.
Unsurprisingly, all of the major weeds have an overseas origin and belong to the
environmental weeds described in the literature review. Most of these dominant
weeds are highly prioritised by the authorities, and only Onion Weed and Bindii
are neither listed as High Priority Widespread Weeds in SRCMA Sub-regions,
nor are they listed in the Noxious Weed declarations for Illawarra District
Noxious Weeds Authority. Websites of the two weed lists are shown in appendix
C.
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N=292

Percentage (%)
Fig. 5.9 Weeds listed first among weeds of concern to respondents.
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N=236

Percentage (%)
Fig. 5.10 Weeds listed second among weeds of concern to respondents.
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N=161

Percentage (%)
Fig. 5.11 Weeds listed third among weeds of concern to respondents.
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5.6 Summary

The key information extracted from the statistical analyses is summarised. As for
frequency, behaviours within the garden are far more frequent than behaviours
outside the garden. Gardening is the most frequent garden-related behaviour,
and weeding within the garden is the second. Obtaining garden plants is far rarer
than gardening and weeding within the garden. All of the behaviours outside the
garden are never performed by more than half of respondents. Although
behaviours across garden boundaries may be rare, two thirds of the boundaries
between gardens and neighbouring reserve(s) could either be looked over or
looked through. For those who left organic materials INR, “treating the organic
materials as mulch or compost” and “it is good for the environment” are the most
common reasons, which means a majority of those respondents see some
benefit to doing so.

Behaviours within the garden are significantly correlated with each other, and
behaviours outside the garden are also significantly correlated with each other,
showing the internal similarity or connection within each of the two groups.
However, the correlations between behaviours from different groups are
relatively weak. Except obtaining garden plants, all behaviours are correlated
with time pressure or other time-related variables. The strongest correlations lie
in the relationship between intention to remove and bush-friendly behaviours
(weeding INR and bush restoration INR).

Regarding weeds of most concern, there are 81 categories of weed plants
nominated by respondents. Most of the weed categories are only nominated by
a small proportion of respondents (< 10%). Only Lantana and Wandering Jew
both have a percentage higher than 10% in all of the three charts (fig. 5.9-11).
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CHAPTER

6:

RESULTS

THREE:

CLARIFY

ISSUES

CONCERNING

RESPONDENTS’ PLANT PROCUREMENT

6.1 Introduction

This chapter answers objective two (to clarify issues concerning respondents’
plant procurement) of this study and the specific questions under objective two
(described in section 1.3 of chapter 1). The results in this chapter are related to
plant procurement of respondents, and frequency analysis is used to reflect
different choices. The variables and corresponding statistical methods are
presented in table 6.1. The result shows 47.2% respondents mainly or only
obtained non-native garden plants, 43.6% mainly or only obtained native plants,
and the rest were unsure about the origin of their plants. Nursery is an important
source of garden plants and relevant information for most respondents.

Table 6.1 An overview of the variables, sections where the variables are
presented, statistical methods and corresponding objectives.
Variable
Plant choice

Section
6.2

Statistical method
Frequency analysis

Objective
To uncover what kind of
garden plants (native or
non-native) are preferred
by respondents

Source of garden plants

6.3

Frequency analysis

To detect which garden

Source of information about

6.4

Frequency analysis

plant
outlets

choosing garden plants

or
exert

information
potential

influence on respondents’
plant choice
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Issues

thought

about

when

6.5

Frequency analysis

choosing garden plants

To

expose

properties

of

which
plants

respondents care about

6.2 Plant choice

39.5% of respondents mainly obtained non-native plants in the last twelve
months, and a similar amount of respondents (37%) mainly chose native plants
(fig. 6.1). Respondents who only chose native or non-native plants just account
for a small proportion (totally less than 15%).

39.5%
37%

N=349

Percentage
9.2%

7.7%

6.6%

Fig. 6.1 Percentage of respondents with different plant preference.

6.3 Source of garden plants

When asked where you got the plants (Fig. 6.2), nearly 80 per cent of
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respondents reported nurseries, showing nurseries were an especially important
source of garden plants. Grocers, friends and relatives were also important
sources, accounting for about three quarters of respondents. Further, botanic
garden/Greenplan (Greenplan’s plant outlet is located in botanic garden) was a
source for a relatively small proportion (23.5%) of respondents. When asked
about perceived limitation of plant availability, 44.7% reported that the plants
offered by retailers limited their ability to choose what they wanted, while 40%
disagreed with that, and the rest were unsure.

79.5%

N=370

Percentage

38.4%

37.6%
25.4%

23.5%

4.9%

Nursery Supermarkets Friends
and grocers

Self-collecting Botanic /

Gardening

Private

clubs

plant or

Greenplan

and

and

relatives

propagating

1.9%

.3%
Other

seed
collectors

Fig. 6.2 Sources of garden plants for respondents.
Note: generated from a multiple response question.

In terms of the most important source of garden plants (Fig. 6.3), nurseries still
dominated respondents’ choice, with more than half of the respondents choosing
nurseries. Supermarkets and grocers still hold the second place, while friends
and relatives become less important. Although the rank
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of botanic

garden/Greenplan goes up, its percentage is still very low at only about 10%.

52.7%

N=313

Percentage

20.8%

11.2%

8.6%
5.4%

Nursery Supermarkets Botanic /
and grocers Greenplan

Friends Self-collecting
and

and

relatives propagating

.6%

.3%

.3%

Private

Other

Gardening

plant or

clubs

seed
collectors

Fig. 6.3 Most important source of garden plants for respondents.
Note: generated from a single response question.

6.4 Source of information about choosing garden plants

Nurseries were also the most preponderant source of respondents’ information
about choosing garden plants. Nearly two thirds of respondents reported they
had received information from nurseries about choosing garden plants (Fig. 6.4).
More than one quarter claimed nurseries were their most important source of
plant information (Fig. 6.5). Friends and families also played an important role in
spreading information about garden plants, and this choice is ranked no. 2 in
both of the following bar charts. In contrast, environmental initiatives and
education were the least important sources of plant information. From another
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question about plant origin information from outlets, more than half (52.6%) of
the respondents disagreed that the retailers of garden plants provided sufficient
information about the origin of plants (introduced from abroad, native in Australia
or local in Illawarra). 18.1% ticked unsure, and the rest (29.3%) agreed there
was sufficient information.

62.3%

59.4%

N=377
48.5%

Percentage

41.9%

40.1%

38.2%

13.3%
10.3%
7.7%

Any

Friends

TV

information

and

programs

from

families

Internet Magazines Books Brochures

Other Workshops Formal
held by education

or

from

newspapers

environmental

environment

groups

al groups

/initiatives

/initiatives

nurseries

6.1%

Fig. 6.4 Sources of information about choosing garden plants for respondents.
Note: generated from a multiple response question.

90

26.9%

N=327

%

Percentage

19.3%
%
14.7%
%

12.5%
%

9.8%
8.3%

%

6.4%

%

%
1.5%
%
Any

Friends

information

and

from

families

Internet

Books

Magazines Formal Workshops

TV

Other

.3%

programs

or

education held by

newspapers

.3%
Brochures
from

environment
environmental
al groups

nurseries

groups
/initiatives
/initiatives

Fig. 6.5 Most important source of information about choosing garden plants for
respondents.
Note: generated from a single response question.

6.5 Issues thought about when choosing garden plants

Moreover, the issues respondents thought about when they chose garden plants
are presented in fig. 6.6, showing suitability for respondents’ gardens, and
appearance to be the most important issues, accounting for 84.3% and 76.9% of
respondents. Cost, amount of maintenance, and potential habitat value for
animals were also important issues when choosing plants, all reported by more
than half of the respondents. However, two environment-related properties of
plants, which are potential to become a weed and to spread out, were among the
least important things, but still more than one third of the respondents
considered these two issues.
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84.3%
%

N=376
76.9%
%

Percentage

64.9%

62.5%
%

57.4%
%
37.8%

36.7%

%

35.1%

%

%

5.1%

Fig. 6.6 Issues respondents thought about when choosing garden plants.
Note: generated from a multiple response question.

6.6 Summary

The result shows 47.2% respondents mainly or only obtained non-native garden
plants, 43.6% mainly or only obtained native plants, and the rest were unsure
about the origin of their plants. Nurseries are the most important source of
garden plants and information about choosing garden plants for the majority of
respondents. The range of garden plants available at retailers is approved by
40% of respondents, while slightly more respondents (44.7%) think the range of
plants offered is not enough. Additionally, more than half of respondents
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answered there is insufficient information about the origin of plants (introduced
from abroad, native in Australia or local in Illawarra) from retailers. When
respondents choose garden plants, suitability to their gardens and appearance
of plants are the most commonly considered issues.

To conclude, the garden-related behaviours and issues related to plant
procurement are respectively analysed in chapters 5 and 6. The next chapter
places emphasis on garden-related environmental behaviour and its explanatory
variables.
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CHAPTER 7: RESULTS FOUR: IDENTIFY FACTORS THAT INFLUENCE
GARDEN-RELATED ENVIRONMENTAL BEHAVIOUR

7.1 Introduction

This chapter answers objective three (to identify the influencing factors of
garden-related environmental behaviour) of this study and the specific questions
under objective three (described in section 1.3 of chapter 1). Firstly, the
descriptive statistics of respondents’ knowledge level of four initiatives are
illustrated, in order to tell the weed authorities how popular these initiatives are.
Following this, the descriptive analysis for all variables involved in this chapter is
provided.

Spearman correlations between

garden-related

environmental

behaviour and other variables (described in section 3.7 of chapter 3) are
presented. Additionally, the results and model diagnostics of regression
analyses and path analyses with garden-related environmental behaviours as
dependent variables form the last part of this chapter. The variables and
corresponding statistical methods are presented in table 7.1. The results indicate:
attitude, perceived harm and knowledge of weed-control initiatives exert an
effect on garden-related environmental behaviours through intention; self-control
influences intention to increase native garden plants; time pressure influences
bush-friendly behaviour.
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Table 7.1 An overview of the variables, sections where the variables are presented, statistical methods and corresponding objectives.
Variable

Section

Knowledge of initiatives

7.2

All variables in this chapter

7.3,

Statistical method

7.4,

Objective

Frequency analysis

To uncover the popularity of weed-control initiatives

Descriptive and correlation analysis

To generate the mean values of the variables being studied and

appendix F

explore how they are related to each other

Plant choice

7.5

Ordinal regression analysis

To identify the variables that exert a direct influence on plant choice

Awareness of plant origin

7.6

Binary logistic regression analysis

To identify the variables that exert a direct influence on awareness of
plant origin

Bush-friendly behaviour

7.7

Multiple linear regression analysis

To identify the variables that exert a direct influence on bush-friendly
behaviour

Time

pressure,

intention

to

7.8

Simple slopes analysis

remove, bush-friendly behaviour
Self-control,

intention

to

behaviour is interacted with time pressure
7.9

Ordinal linear regression analysis

increase, plant choice
Plant

choice,

bush-friendly

To explore if the effect of intention to remove on bush-friendly

To explore if the effect of self-control on plant choice is through
intention to increase

7.10

Path analysis

behaviour

To identify the variables that exert an indirect effect on plant choice and
bush-friendly behaviour through intention
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7.2 Knowledge of initiatives

The following four bar charts (fig. 7.1-4) demonstrate respondents’ level of
knowledge about four environmental initiatives, namely Greenplan, Bushcare,
Grow Local, and Grow Me Instead. It is clear that respondents with no
knowledge are the largest group for all of the four initiatives. Bushcare is the one
most widely known to the respondents, but still more than one fourth (28.4%) of
the respondents know nothing about it. Greenplan is known to less than half
(47.7%) of the respondents. For both Grow Local and Grow Me Instead, more
than 70% have no knowledge of them.

N=354

Percentage
Level of knowledge about Greenplan
Fig. 7.1 Percentage of respondents having different levels of knowledge about
Greenplan.
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N=359

Percentage
Level of knowledge about Bushcare
Fig. 7.2 Percentage of respondents having different levels of knowledge about
Bushcare.

N=347

Percentage
Level of knowledge about Grow Local
Fig. 7.3 Percentage of respondents having different levels of knowledge about
Grow Local.
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N=351

Percentage
Level of knowledge about Grow Me Instead
Fig. 7.4 Percentage of respondents having different levels of knowledge about
Grow Me Instead.

7.3 Descriptive analysis

Descriptive statistics of all ordinal and continuous variables evaluated in this
chapter are presented in table 7.2.
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Table 7.2 Means, standard deviations, minimums, maximums of ordinal and
continuous variables used in this chapter.
Mean

Variable

SD

Minimum

Maximum

Bush-friendly behaviour

.89

1.26

0

5

Plant choice [four-point ordinal scale, from only

2.47

.75

1

4

Intention to remove

2.47

1.46

1

5

Intention to increase

3.20

1.46

1

5

Attitude

4.58

.73

1

5

Subjective norm

3.32

.83

1

5

Perceived harm

3.71

1.12

1

5

Knowledge of initiatives

1.95

1.00

1

5

Self-control

4.07

.62

2

5

Time pressure

3.21

1.01

1

5

Obtaining garden plants

2.55

1.10

0

5

Gardening

3.51

1.21

0

5

Weeding within the garden

3.46

1.26

0

5

Leaving organic materials INR

.57

1.19

0

5

Perceived limitation of plant availability

3.05

1.19

1

5

Age

55.51

15.02

9

90

Hours spent on paid work and study per week

22.63

19.70

0

65

non-native (1) to only native (4)]

Note: INR = in the neighbouring reserve(s).

Besides, there are also three nominal variables in this chapter. The frequency
and percentage of each category of the variables are listed in table 7.3.

99

Table 7.3 Frequency and percentage of each category in the nominal variables.
Variable

Category

Count

Percentage (%)

Unsure

32

9.1

Aware of plant origin

320

90.9

Total

352

100.0

Awareness of plant
origin

Most important

Nursery

165

52.7

source of garden

Other

113

36.1

plants (collapsed into

Botanic garden / Greenplan

35

11.2

three categories)

Total

313

100.0

Other

30

8.0

32

8.5

39

10.3

27

7.2

55

14.6

27

7.2

77

20.4

No fence

48

12.7

A boundary formed by plants

19

5.0

Road or track

23

6.1

Total

377

100.0

Solid fence too high to easily look over
(without gate)
Solid fence too high to easily look over
(with gate)
Solid fence short enough to look over
(without gate)
Solid fence short enough to look over (with
Boundary type

gate)
A fence that you can look through (without
gate)
A fence that you can look through (with
gate)
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7.4 Correlation analysis

Table 7.4 shows correlations between garden-related environmental behaviours
and other major variables in this study. Plant choice in this chapter is scored on a
four-point ordinal scale, from only non-native (1) to only native (4). Spearman
and Pearson correlation coefficients for all pairs of variables in this chapter are
presented in appendix F. From table 7.4, intention to increase has a strong
positive correlation with plant choice, and there is also a strong positive
correlation between intention to remove and bush-friendly behaviour. In this
study, intention to increase is designed to predict plant choice, and intention to
remove is designed to predict bush-friendly behaviour. Attitude and subjective
norm are significantly correlated with plant choice, but have nearly no correlation
with bush-friendly behaviour. Positive correlations exist between knowledge of
initiatives and the two garden-related environmental behaviours. Bush-friendly
behaviour is correlated with time pressure, but has weak correlations with other
time-related variables. Plant choice is correlated with perceived limitation of
plant availability.
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Table 7.4 Spearman correlation coefficients between garden-related environmental behaviours and other variables [1 and 2
respectively represent bush-friendly behaviour and plant choice (four-point ordinal scale)].
1. Bush-friendly

2. Plant choice

Intention to

Intention to

behaviour

(four point)

remove

increase

1

0.146

(0.015)

2

Time pressure

Subjective norm

Perceived harm

Knowledge of
initiatives

0.532*

(<.001)

0.208*

(<.001)

0.064

(0.266)

0.038

(0.498)

0.056

(0.321)

0.31*

(<.001)

0.218*

(<.001)

0.509*

(<.001)

0.332*

(<.001)

0.215*

(<.001)

0.093

(0.114)

0.126

(0.033)

Perceived
Self-control

Attitude

Income

limitation of plant
availability

Plant origin
information

Hours spent on
Age

paid work and
study per week

Number of
children

1

0.091

(0.107)

-0.153

(0.007)

0.048

(0.423)

0.005

(0.936)

0.022

(0.687)

0.044

(0.43)

-0.038

(0.518)

0.008

(0.888)

2

0.082

(0.154)

0.056

(0.339)

0.067

(0.276)

0.206*

(<.001)

0.06

(0.296)

-0.142

(0.013)

0.131

(0.027)

0.104

(0.064)

Note: numbers in brackets are p values; *p < .0017 (2-tailed), Bonferroni adjusted alpha level = .0017 (= .05/29).
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7.5 Ordinal regression analysis

Ordinal regression analysis was conducted to determine whether each of the
variables made a significant contribution to the explanation of plant choice
(four-point ordinal scale). Two models were built, namely base model and final
model. The base model only included one independent variable, namely
intention to increase, in consideration of its predictive power. All variables in this
study that had a significant WALD test statistic after intention to increase was
controlled for were involved into the final model. Only intention to increase,
attitude and most important source of garden plants (simplified as plant source)
were kept in the final model. As for plant source, it was collapsed into three
categories (nursery, botanic garden/Greenplan, and other) for simplification.

Before looking at the effect of each explanatory variable, the models’
improvement in explaining outcome, and proportional odds assumption was
examined by chi square statistics (table 7.5). For both models, the results are
good, showing both models are significant improvement over baseline models
(with only intercept), and proportional odds assumption is kept. Additionally, in
the base model, there are (5.0%) cells (i.e., dependent variable levels by
combinations of predictor variable values) with zero frequencies. In the final
model, since more variables are involved, 60.8% cells have zero frequencies.
The sample size (306 for the base model, 246 for the final model) is deemed
adequate, since there are not many explanatory variables involved. In terms of
multicollinearity, there is no such issue in the base model, since there is only one
explanatory variable. As for the final model, the tolerance values are all larger
than 0.1, and the VIF values are all less than 10 (table 7.6), showing collinearity
is not a serious issue (Myers 1990; Menard 1995). To detect any overly
influential cases, Cook’s distance for each case was calculated, and all of the
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values are less than 1 (the largest value was .065 for cases in the base model,
and .114 for cases in the final model), showing no case should be excluded.

Table 7.5 Chi square statistics for base and final models.
Base model
Model fitting

Chi square

information

= 87.025

Test of

Chi

df = 1

Final model
p < .001

Chi square df = 4

p < .001

= 80.143

square df = 2

p = .107

Chi square df = 6

parallel lines = 4.477

p = .308

= 9.419

Table 7.6 Multicollinearity statistics.
Multicollinearity statistics
Variable
Tolerance

VIF

attitude

.845

1.183

Intention to increase

.796

1.256

Other

.918

1.089

Botanic garden/Greenplan

.845

1.183

In the base model (table 7.7), intention to increase accounts for a substantial
proportion of the variance in plant choice (Nagelkerke pseudo R2 = 27.8%). The
odds of having a score one unit higher in plant choice increases by 2.25 times
for each unit increase in score of intention to increase. Even after controlling for
attitude and plant source in the final model, respondents with one unit higher in
intention to increase are still about 2 times more likely to have a higher score in
plant choice (OR = 1.93:1).

After two more variables being added to the final model (table 7.7), the pseudo

104

R2 increases to 31.4%. A one-unit increase in attitude leads to an increase in
odds of having a higher score in plant choice by ratio of more than 1.5 times (OR
=

1.55).

As

for

plant

source,

respondents

who

claimed

botanic

garden/Greenplan to be their most important source of garden plants are about
2.8 times more likely to obtain a higher proportion of native plants than
respondents who nominated nurseries. Additionally, respondents who mainly
obtained garden plants from other sources do not have a significant difference in
plant choice from respondents who chose nurseries.

Table 7.7 Ordinal regression model for plant choice (four-point ordinal scale).
Base model
B

SE

non-native

-.23

.30

1.06

.88

non-native

2.89

.36

4.53

.95

Mainly native plants

5.87

.46

7.57

1.02

Score of intention to

.81

.09

.66

Variable

Parameter

Threshold

Only

OR

Final model
p

B

SE

OR

p

.11

1.93

***
*

plants
Mainly
plants

Intention

to

2.25

***

increase

increase

Attitude

Score of attitude

.44

.20

1.55

Other

-.37

.28

.69

Botanic

1.03

.43

2.80

Plant

source

(base

=

nursery)

*

garden/Greenplan
Nursery

Nagelkerke pseudo R

2

27.8%

31.4%

Note: *p < .05; ***p < .001. For intention to increase and attitude, base = the highest value.

7.6 Binary logistic regression analysis

Awareness of plant origin is a collapsed version of plant choice, but it also
includes the information that is removed from plant choice, namely the
proportion of respondents who do not know the origin of their garden plants. To
explore which factors predict respondents’ awareness of the origin of their
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garden plants, a logistic regression is conducted. There is only one independent
variable, namely intention to increase. In order to get a detailed view of the
influence of intention to increase on awareness of plant origin, I examined each
level of intention to increase (base = the highest value). All other variables and
interaction terms were removed, because they did not make a significant
contribution to the explanation of outcome.

Omnibus tests of model coefficients indicate that the current model is a
significant improvement over baseline model (chi square = 13.493, df = 4, p
= .009). Hosmer & Lemeshow test of the goodness of fit suggests this model is a
good fit to the data (chi square = .000, df = 3, p = 1.000). The sample size (337)
is deemed adequate. In terms of multicollinearity, the tolerance values are all
larger than 0.1 (.753, .810, .749, .723 for scores one to four of intention to
increase), and the VIF values are all less than 10 (1.328, 1.234, 1.335, 1.384 for
scores one to four of intention to increase), showing collinearity is not a serious
issue (Menard 1995; Myers 1990). To detect any overly influential cases, Cook’s
distance for each case is calculated, and all of the values are less than 1 (the
largest value was .494), showing no case should be excluded.

Moving to the model coefficients, intention to increase has a significant overall
effect (Wald = 10.631, df = 4, p = .031). According to table 7.8, the B coefficients
for all intention scores except value four are significant. All B coefficients are
negative, indicating that high level of intention to increase is generally
associated with high likeliness of being aware of plant origin.

The differences in per cent of plant origin awareness could be translated into
odds ratios (ORs), shown in the last second column of table 7.8. The OR
indicates the odds of being aware of plant origin for respondents with a score of
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one to four in intention to increase relative to the odds for respondents with a
score of five in intention to increase. According to the OR (.46:1), respondents
with a score of four in intention to increase are only about half as likely to be
aware of plant origin as those with a score of five in intention to increase
(although this result is not significant). The ORs for respondents with a score of
one to three in intention to increase are even less than .25, showing a
considerably lower likeliness to be aware of plant origin compared to
respondents with value five.
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Table 7.8 Logistic regression model for awareness of plant origin.
Per cent (%) of respondents choosing:
Variable

Value

Intercept

Intercept

Unsure

Aware of plant origin

B

SE

OR

p

-

-

3.75

.72

42.5

***

-

-

-

-

-

*

1 (no intention)

14.29

85.71

-1.96

.80

.14

*

2 (little intention)

17.50

82.50

-2.20

.83

.11

**

3 (not much intention)

10.77

89.23

-1.64

.82

.20

*

4 (mild intention)

4.88

95.12

-.78

.88

.46

.38

5 (firm intention)

2.30

97.70

-

-

-

-

Intention to increase (base = the highest value)

2

Nagelkerke pseudo R = .088%
Note: *p < .05; **p < .01; ***p < .001.
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7.7 Multiple linear regression analysis

In order to detect each variable’s association with bush-friendly behaviour, a
hierarchical multiple linear regression model was built in four steps (table 7.9).
Situational and socio-demographic variables were entered at the first step.
Intention to remove was entered at the second step. Time pressure was entered
at the last step in order to evaluate its effect on bush-friendly behaviour after
other significant variables were controlled for. In each step, variables without a
significant p value were removed. In total, four variables, including one nominal
variable (boundary type), are involved in the final model [F (11, 272) =15.373, p
< .001; R2 = .383]. For boundary type, only no fence or a boundary formed by
plants has a significant association with the outcome (β = .179, p < .05), which
means respondents whose property is open (unfenced) to the outside
environment are scoring .595 higher in bush-friendly behaviour than
respondents with high solid fence (no gate), when scores of other variables are
the same. Intention to remove (β = .42, p < .001) and knowledge of initiatives (β
= .198, p < .001) are the most significant two variables with the largest beta
values in the final model. When time pressure is entered at step four, it remains
significant (∆ R2 = .009; β = -.099, p < .05; Fchange = 4.113, p <.05) after three
other variables are controlled for.
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Table 7.9 Hierarchical multiple linear regression model for bush-friendly behaviour.
Step

Variable

R

2

∆R

2

Fchange

Constant
1

B

SE B

Final β

-.396

.341

-.013

.289

-.003

Boundary type: high solid fence with gate

.533

.281

.124

Boundary type: short solid fence no gate

-.309

.3

-.064

Boundary type: short solid fence with gate

.447

.267

.117

Boundary type: look-through fence no gate

-.032

.295

-.007

Boundary type: look-through fence with gate

.454

.244

.148

Boundary type: road or track

-.118

.306

-.024

Boundary type: no fence or a boundary formed by plants

.595

.253

.179*

Boundary type: other

.116

.116

4.496***

Boundary type: high solid fence no gate (reference group)

2

Intention to remove

.335

.219

90.216***

.369

.045

.42***

3

Knowledge of initiatives

.374

.039

17.149***

.246

.063

.198***

4

Time pressure

.383

.009

4.113*

-.123

.061

-.099*

Note: F (11, 272) =15.373, p < .001. *p < .05; ***p < .001.

110

The assumptions of multiple linear regression were tested when the model was
finalised. Firstly, a sample size of 284 is deemed sufficient considering that 11
explanatory variables (3 continuous and 8 dichotomous dummy variables) are
included. The singularity assumption is also met, since the explanatory variables
are not a combination of other variables, and the internal consistency of time
pressure and knowledge of initiatives is already tested in chapter 4. According to
correlation analysis, the Pearson correlation coefficients for all pairs of
explanatory variables are less than 0.5. Tolerance and VIF are also within the
acceptable range (appendix G). Thus, collinearity is not a serious issue (Coakes
2005). Cook’s distance scores for all cases are less than 1, revealing no serious
multivariate outliers. The scatter plot for standardised residuals and
standardised predicted values shows a generally random distribution of data
points, and the homoscedasticity assumption is not violated or not seriously
violated. A histogram of residuals and P-P plot shows a general match of
expected values and observed values, suggesting an approximate normal
distribution. The scatter plots of explanatory variables and outcome variable
indicate the assumption of linearity is satisfied. More information about model
diagnostics is presented in appendix G.

In order to determine whether time pressure moderates the relationship between
intention to remove and bush-friendly behaviour, an interaction term was
calculated by multiplying intention to remove by time pressure. The interaction
variable, intention to remove × time pressure, was added to the previous
regression model following time pressure. The contribution of the interaction
variable to the variance of bush-friendly behaviour is modest but significant: ∆R2
= .012; B (SE B) = -.097 (.042), β = -.391, p < .05; Fchange (12, 271) = 5.188, p
< .05. It indicates that when respondents perceive more time pressure, the effect
of intention to remove on bush-friendly behaviour becomes smaller. To gain a
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deeper understanding of the interaction between intention to remove and time
pressure, a simple slopes analysis (Aiken & West 1991; Knussen & Yule 2008)
was conducted and presented in appendix H.

7.8 The mediational role of intention

A series of ordinal regression analyses were employed to test the indirect effect
of self-control on plant choice (four-point ordinal scale) through intention to
increase. The B coefficients and corresponding standard errors are shown in fig.
7.6a and 7.6b.
B = .768***

Intention to

Intention to

B = .799***

SE = .160

increase

increase

SE = .098

Plant choice

Self-control
B = .326
SE = .181

Plant choice

Self-control

B = -.054
SE = .199

Fig. 7.6a Two ordinal regressions

Fig. 7.6b Ordinal regression with plant

between self-control and intention to

choice as dependent variable.

increase, self-control and plant choice.
Note: ***p < .001.
The absolute value of the coefficient (B = -.054, p > .05) relating self-control to
plant choice in fig. 7.6b is lower than the coefficient (B = .326, p > .05) relating
self-control to plant choice in fig. 7.6a. According to Sobel test statistic, the
mediational effect of intention to increase on the relationship between
self-control and plant choice is significant (z = 4.136, p = .00002).
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7.9 Path analysis

Path analysis was used to explain the garden-related environmental behaviours.
Variables with no significance and very weak correlation with other variables
were removed from the two models (fig. 7.7 and 7.8). Before examining how well
the model fitted the data, the assumptions of SEM were checked. Firstly, since
more than 5% of the original cases have missing data, omitting cases may be
improper (Roth 1994). Cases with missing value were handled by hot deck
imputation with gender, education and age serving as “deck variables” (Myers
2011, p. 303; Roth 1994). Additionally, the sample size (382) is large enough to
keep the SEM within an acceptable accuracy. Mahalanobis distance scores for
all cases were examined, revealing no serious multivariate outliers. In terms of
normality, for the model of bush-friendly behaviour, Mardia’s multivariate kurtosis
(1970) is 5.697, and the critical ratio is 5.682, indicating moderate non-normality.
For model of plant choice (four-point ordinal scale), multivariate kurtosis is 6.561,
and the critical ratio is 5.712, also indicating moderate non-normality. Since the
non-normality does not reach a serious level, SEM with maximum likelihood
estimation is used to evaluate the model fit.

The overall fit for the model of bush-friendly behaviour is good (χ2 = 8.47, df = 5,
p = .13; Adjusted Goodness of Fit Index (AGFI) = .97; CFI = .98; RMSEA = .054).
As shown in fig. 7.7, all of the relationships are significant in the expected
direction except for subjective norm to intention to remove (p = .80).
Bush-friendly behaviour is directly related to intention to remove and knowledge
of initiatives. The intention-behaviour relationship turns out to be the strongest
relationship in this model. Subsequently, Intention to remove is further explained
by four other explanatory variables, and knowledge of initiatives is the strongest
one.
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Fig. 7.7 Path model results for bush-friendly behaviour.
Note: single-headed arrows = standardised path-coefficients; double-headed
arrows = correlations; R2 = explained variance.
*p < .05; **p < .01; ***p < .001.
The overall fit for the model of plant choice is also good (χ2 = 13.01, df = 8, p
= .11; AGFI = .97; CFI = .98; RMSEA = .041). From fig. 7.8, all of the given
relationships are significant except for the relationship between subjective norm
and intention to increase (p = .57). Intention to increase is a powerful
explanatory variable of plant choice with the largest path coefficient in the model.
Intention is further predicted by five variables with attitude to be the most
powerful one, and subjective norm to be the weakest one. Additionally,
subjective norm has a direct effect on plant choice.
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Fig. 7.8 Path model results for plant choice.
Note: single-headed arrows = standardised path-coefficients; double-headed
arrows = correlations; R2 = explained variance.
*p < .05; **p < .01; ***p < .001.

7.10 Summary

This chapter firstly presents a frequency analysis of respondents’ knowledge
level of four environmental initiatives. All of the initiatives are not widely known to
respondents with more than half of the respondents having no or little knowledge
of them. As for the descriptive analysis of major variables, a noteworthy point is
that respondents usually had a disproportionately strong positive attitude
towards planting native garden plants, but the percentage of respondents who
mainly chose native plants is lower than those who mainly chose non-native
plants. Although attitude is significantly correlated with plant choice, attitude
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cannot represent plant choice.

Additionally, regression analyses are conducted to detect the significant
explanatory variables of garden-related environmental behaviours. For both
behaviours, intention is the most powerful predictor. Plant choice is also
associated with attitude and plant source (Nagelkerke pseudo R2 = .31).
Respondents’ awareness of plant origin is only significantly associated with
intention to increase (Nagelkerke pseudo R2 = .0009). Bush-friendly behaviour is
significantly influenced by intention to remove, knowledge of initiatives, time
pressure, and boundary type (R2 =. 383). The interaction between intention to
remove and time pressure also makes a significant contribution to the variance
of bush-friendly behaviour (∆R2 = .012).

In the path analysis, subjective norm has a very weak relationship with both
intention to remove and intention to increase. Surprisingly, subjective norm
exerts a direct impact on plant choice, although it is relatively weak but still
significant. Attitude and perceived harm in this study both serve as components
of pro-environmental attitude, and their significant relationships with intentions
are as expected. Knowledge of initiatives has a relatively strong relationship with
intention to increase, intention to remove, and bush-friendly behaviour. Lastly,
the effect of self-control on plant choice is carried through intention to increase.
The effect of self-control on intention to increase is significant but relatively weak
compared to the effect of other significant explanatory variables.

For both plant choice and bush-friendly behaviour, the regression models
generally explain more variance of them than the path models, which could be
due to the additional nominal variables in the regression models.
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CHAPTER 8: DISCUSSION

8.1 Introduction

The information extracted from the statistics, the inferences deduced from this
information, and the theoretical and practical value of the key findings are
depicted and discussed in this chapter. The structure of this chapter follows the
order from objectives one to three.

8.2 Objective one: Clarify the garden-related behaviours of respondents

8.2.1 Behaviours within the garden

Among the three behaviours within the garden (fig. 5.1, 5.2, 5.3 in chapter 5),
gardening is the one most commonly performed. There could be two
explanations: 1. respondents have to work frequently to keep their gardens
under control; 2. respondents simply love gardening, so that they do gardening
frequently. In terms of the first explanation, Dignam et al. (2003) argue that
keeping the garden under control is a motive of gardening for those who are not
very interested in gardening. According to van den Berg and van
Winsum-Westra (2010), people have a certain personal need for structure,
which drives them to keep their gardens well mowed or manicured. Besides,
there seems to be more support for the second explanation. According to Head
and Muir (2007, p. 62), gardening is the second most popular outdoor activity in
Australia. Tyrrell (2007) gives a similar argument that gardening is one of the
most popular outdoor activities in Australia. HRDC (1991) reports that about
70% of the population enjoy gardening to a certain extent.
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Weeding within the garden is also frequently performed, but not as frequently as
gardening. Weeding does not wholly reflect people’s preference towards
gardening, but it does reflect how often people have to work to keep the
unwanted plants in their gardens under control. Besides, weeding is significantly
correlated with gardening, and it is likely that weeding is one important
component of gardening.

Obtaining garden plants is significantly correlated with gardening and weeding
within the garden, but its frequency is much lower with about 80% of
respondents obtaining garden plants at least every three months or less. HRDC
(1991) reports most gardeners purchase garden plants at least once per month
at a national scale. Gibbs (2010) interviewed 500 gardeners who visited the
Sydney Royal Easter Show, and found that gardeners purchased garden plants
quarterly or monthly. The low frequency of obtaining garden plants implies that
the composition of plants in a garden is probably stable.

The significant correlations among behaviours within the garden seem to reflect
a close interconnection among them (table 5.2 in chapter 5). A possible logic is
that: firstly people obtain garden plants; afterwards they grow the plants in their
gardens and take care of the plants (gardening activity); additionally people have
to remove the unwanted plants that negatively influence the plants they prefer
(weeding activity). It is also important to notice that gardening may not only
include taking care of garden plants, but also cover putting small statues or
decorations in the garden, and maintaining these nonliving things.

8.2.2 Behaviours outside the garden

Behaviours outside the garden (fig. 5.4, 5.6, 5.7 in chapter 5) are correlated with
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each other, but have relatively weak correlations with behaviours within the
garden (table 5.2 in chapter 5). The weak correlations between the two groups
seem to indicate a lack of interconnection and causality between them.
According to Clayton (2007), gardeners do not build a strong link between
garden (inside) and nature (outside).

Bush restoration INR and weeding INR can be considered as taking care of
plants in reserve(s), just like gardening and weeding within garden being
considered as taking care of garden plants. However, respondents, who
frequently perform behaviours within their gardens, may not do any bush
restoration INR and weeding INR. Actually, restoration and weeding behaviours
outside the garden are rarely performed. Some researchers argue that people
generally do not take care of landscapes which are not “neat” and “relaxing”,
implying that wild bushland, which is generally not “neat” and “relaxing”
compared to domestic gardens, is not favoured (Beck, Heimlich & Quigley 2002;
Clayton 2007; Nassauer 1997). Head and Muir (2007) state that when talking
about environmental issues caused by garden plants, people tend to evade
responsibility. Timms (2006) claims that many people have little willingness to
contribute to the natural environment as threatened by weed invasion.

As for leaving organic materials INR, it is not significantly correlated with any
behaviours within the garden, but significantly correlated with weeding INR and
bush restoration INR. There is a possibility that most materials left in the
neighbouring reserve(s) are generated by weeding or trimming there. If this
inference is true, the weed authorities do need to suggest those people who
weeded or restored bushland in reserves that it is necessary to remove or
eradicate the weed bodies from the reserve(s), since they may regrow.
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In the field of weed management, there is much concern about dumping garden
waste, which is thought to assist in the spread of invasive garden plants (Slattery
1998; Sullivan, Timmins & Williams 2005; Timmins et al. 2010). This kind of
garden waste that causes trouble may be dumped collectively at landfill.
Although dumping garden waste manually by gardeners who live adjacent to
bushland seems to be rare (more than three fourths of the respondents reported
they never left organic materials INR), it is hard to conclude whether it is a
serious issue or not in terms of spreading potentially invasive garden plants. It is
important to notice the proportion of respondents who never did it may be
overestimated, since “never leaving organic materials” may be treated as a
socially desirable choice. Even if people’s dumping behaviour is rare, the
accumulative effect of continuous dumping can be significant. Future research
can help to explore how much garden waste is in reserves and what is the
capacity for the waste to spread garden plants.

The low frequencies of behaviours outside the garden indicate two possibilities.
Firstly, there may be little interaction between gardeners and the outside
environment over their fences. The second possibility is that respondents do get
into the neighbouring reserve(s) regularly, but do other things, such as
entertainment.

8.2.3 Relationship between garden-related behaviours and other variables in
this study

It is noteworthy that except obtaining garden plants and plant choice, all other
garden-related behaviours, especially gardening, are correlated with time
pressure or other time-related variables with p values less than .05 (table 5.3 in
chapter 5; table 7.4 in chapter 7). Gardening activities are usually
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labour-intensive and time-consuming, and other activities are constantly
competing time with gardening. Henry (1994) states that traditional gardening
practices are labour-intensive especially in terms of managing weeds. Dignam et
al. (2003) find time pressure becomes a larger barrier for people to conduct
gardening than monetary cost.

Besides, respondents’ knowledge of initiatives is positively correlated with all
garden-related behaviours except leaving organic materials INR (table 5.3 in
chapter 5; table 7.4 in chapter 7). Respondents who frequently perform
garden-related behaviours (except leaving organic materials INR) may have
more chance to receive materials or information from these initiatives. On the
other hand, people who know more about these environmental initiatives may
have more intention to perform garden-related behaviours (except leaving
organic materials INR). Both directions of the causal link contribute to the
correlations. In consideration of respondents’ low average knowledge of
initiatives, among all respondents the current weed-control initiatives may be
mainly known by those who frequently perform garden-related behaviours.

In terms of obtaining garden plants and plant choice, respondents who obtain
garden plants more frequently and obtain more native plants are more likely to
think that the range of garden plants offered by retailers limits their ability to buy
the plant they want. Respondents who obtain plants more frequently and obtain
more native plants are those who visit garden outlets more often. They may be
more familiar with the plants provided by retailers, and start to feel a limitation in
plant availability.
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8.2.4 Weeds of most concern

Lantana (Lantana camara) and Wandering Jew (Tradescantia fluminensis) are
considered as the most serious two weed species at the bushland/garden
interface in Wollongong (fig. 5.9-11 in chapter 5). The seriousness of Lantana
species has been widely accepted. It has been considered as one of the ten
worst weeds (Sharma, Raghubanshi & Singh 2005), and one of the one hundred
worst invasive species (Turner & Downey 2010) in the world. More than 5% of
the continent in Australia, covering both agricultural and natural land, has been
invaded by Lantana (Sinden et al. 2004). About 10% of the native species in
NSW under the Threatened Species Conservation Act 1995 have been
jeopardised by Lantana (Coutts-Smith & Downey 2006). It is not surprising that
Lantana also causes trouble in the Illawarra region.

Wandering Jew does not receive much attention compared with Lantana. Not
many studies are specifically targeting Wandering Jew (Butcher & Kelly 2011;
Kelly & Skipworth 1984; Standish 2002; Standish, Robertson & Williams 2001).
The reason could be that the total geographic area invaded by Wandering Jew is
relatively limited, only including New Zealand, eastern Australia, and Florida
(Standish, Robertson & Williams 2001). Wandering Jew is usually considered as
a weed of canopy deleted forest remnants (Kelly & Skipworth 1984; Standish
2002; Standish, Robertson & Williams 2001), and its long-distance dispersal is
mainly aided by dumping garden waste (Butcher & Kelly 2011). In our study area,
it has been nominated as high priority widespread weed species by weed
authorities.
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8.3 Objective two: Clarify issues concerning respondents’ plant procurement

The result shows that nurseries are the most important source of garden plants
for the majority of respondents (fig. 6.3). Nurseries are frequently mentioned by
previous studies about gardening and plant choice (Dempster 2002; Groves,
Boden & Lonsdale 2005; Moss & Walmsley 2005; Timms 2006), showing they
are important garden plant providers in Australia. Nurseries are also the most
important source of information about choosing garden plants for the majority of
respondents (fig. 6.5). Roush et al. (1999) report that Australian people
frequently visit nurseries and acquire educative or informative advice at
nurseries. Blood and Slattery (1996) claim nurseries are one of the major
avenues by which the communities are educated about gardening. People
receive information from nurseries, and also trust it (HRDC 1991). An
overwhelming large proportion of nursery consumers in Western Australia rely
on nurseries for correct suggestions (Dempster 2002).

Additionally, respondents who view nurseries as their most important source of
garden plants do not obtain a higher proportion of native plants than others
(Table 7.7). More than half of the respondents think that retailers do not provide
consumers with sufficient information about the origin of plants for sale
(introduced from abroad, native in Australia or local in Illawarra). Respondents
who obtain more native plants are more likely to claim that the range of plants
offered by retailers is not enough. Nurseries may not play a positive role in
restraining the sale of non-native plants. It is reported that nursery businesses
always search for new exotic plants to create fashions and demand for plants
(Dempster 2002; Groves, Boden & Lonsdale 2005), to the extent that they will
stock weed species to generate business (Moss & Walmsley 2005). They also
passively cooperate with environmental initiatives that strive to limit the trade of
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invasive garden plants, and thereby contribute to many initiatives failing (Groves,
Boden & Lonsdale 2005; Moss & Walmsley 2005).

Moreover, respondents who nominate botanic garden/Greenplan as their most
important source of garden plants obtain a significantly higher proportion of
native plants than others (Table 7.7). The problem is that more than half of the
respondents have no knowledge of Greenplan. Actually, three other initiatives
(Bushcare, Grow Local, and Grow Me Instead) are also not well known. It is
valuable to consider: If we let more Wollongong residents know about Greenplan,
and make Greenplan more accessible to them, will more people come to the
outlet of Greenplan and buy local plants, and will Greenplan exert a larger
influence on the plant choice of residents who live adjacent to bushland?

Furthermore, this study indicates that suitability for consumers’ gardens, and
appearance are the most important two criteria for choosing garden plants for
respondents (fig. 6.6). According to Dignam et al. (2003), keeping the garden
looking good, and aesthetics are two of the key drivers of gardening, while
environmental issues are not mentioned. van den Berg and van Winsum-Westra
(2010) argue that the visual appearance of a garden is the key determinant of
people’s appreciation of it. From a national consumer and retailer study (HRDC
1991), 40% consumers purchase garden plants in order to improve the
appearance of their homes or gardens, and 32% for aesthetic appeal. Timms
(2006) claims that exotic plants are generally seen as more aesthetically
attractive than native plants by consumers. Weed authorities should produce
materials that highlight how native, or certainly non-invasive plants, can provide
the aesthetic characteristics that gardeners want.
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8.4

Objective

three:

Identify

the

factors

that

influence

respondents’

garden-related environmental behaviour

8.4.1 Intention

For both plant choice and bush-friendly behaviour, intention is the most powerful
explanatory variable (table 7.7, 7.9 in chapter 7), which concurs with numerous
other studies employing the TPB/TRA (Bamberg & Möser 2007; Barr 2008;
Chao 2012; Oreg & Katz-Gerro 2006). Intention to increase is also a significant
predictor of respondents’ awareness of plant origin. There is a possibility that for
people who have a strong pro-environmental intention, besides behaving more
environmentally friendly, they probably also have more knowledge about
environmental issues and what can be done to solve or mitigate these issues
through everyday practices.

For both intention to increase planting native plants and intention to remove
non-native plants from neighbouring reserve(s), subjective norm is not a
significant predictor (fig. 7.7, 7.8 in chapter 7). The weak effect of subjective
norm has been reported by other studies (Chao 2012; Hausenblas, Carron &
Mack 1997; Payne, Jones & Harris 2004).

The two intention terms are both significantly related to attitude and perceived
harm. Intention to increase is more associated with attitude, and intention to
remove is more associated with perceived harm (fig. 7.7, 7.8 in chapter 7). Since
the attitude in this study is towards planting native plants, it is expected to be
more associated with intention to increase the proportion of native plants in
garden; perceived harm implies negative feelings towards non-native plants, and
it makes sense that it is more associated with intention to remove the non-native
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plants from reserve(s). The results suggest: in order to increase people’s
intention to perform garden-related environmental behaviours, it may be
necessary to encourage them to foster a positive attitude towards these
behaviours, and provide them with knowledge about the harm of invasive garden
plants.

Additionally, the two intention terms and bush-friendly behaviour are explained
by knowledge of initiatives (fig. 7.7, 7.8 in chapter 7). Since the initiatives provide
local residents with cheap local plants and relevant information, it is reasonable
that knowledge of initiatives leads to a higher intention to increase planting
native plants. Dempster (2002) states that many customers rely on information
provided by nurseries for choosing the proper garden plants. The information
from initiatives may also be valuable for gardeners. It is also reported that those
who performed conservation behaviour make significantly more efforts to search
information about relevant issues (Dolnicar, Hurlimann & Grün 2012; Trumbo &
O’Keefe 2005). Those who frequently perform bush-friendly behaviour may also
actively search information about how to behave in a bush-friendly way, which is
reflected as a higher level of knowledge of initiatives. In order to enhance
people’s knowledge of initiatives and environmental intention, authorities should
make the initiatives more accessible to local residents in consideration that the
current initiatives are not well known.

Furthermore, intention to increase is significantly associated with self-control,
which means that respondents with a strong environmental attitude may still
have a low intention to increase planting native plants because of a poor
self-control. Lower self-control is related to lower intention to increase, which
implies obtaining and planting exotic plants is probably related to self-control
failure or impulse that could be evoked by the attractive appearance of exotic
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plants (Ditto et al. 2006). A high percentage of impulse buying in the market of
garden plants has been reported (HRDC 1991; Tzavaras, Tzimitra-Kalogianni &
Bourlakis 2010). In order to reduce impulse buying of invasive garden plants for
consumers of low self-control, strategies probably need to focus on how to
cancel out the effect of exotic plants’ attractive appearance. Firstly,
environmental messages to the public can be presented in the form of posters,
photos or multimedia that vividly reveal the harm of invasive garden plants and
may inspire negative feelings towards them. In Australia, a similar example can
be found on the packaging of cigarettes with “disgusting” pictures showing the
health risk of smoking. Alternatively, as mentioned in section 8.3, weed
authorities should highlight how native, or certainly non-invasive plants, can
provide the aesthetic characteristics that gardeners want (Thøgersen 2005).

Since the effect of self-control on plant choice is through intention to increase, it
seems that before respondents make their decision or reveal their intention, they
already take their ability of self-control into account, and know what kind of
impulsive things they would do. Although impulsive behaviour may go against
the individual’s personal benefit (Baumeister & Heatherton 1996; Loewenstein
1996; Metcalfe & Mischel 1999), it is accepted probably due to the perceived
inevitability of it, or because the loss occurred due to impulse buying is not
perceived as a large amount. This inference implies the importance of providing
people with a clear message that non-native plants or declared invasive garden
plants may have severe negative effect on either agricultural or natural systems,
rather than a negligible effect.

8.4.2 Plant choice

According to the regression analysis, plant choice is significantly associated with
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intention to increase, attitude and most important source of garden plants (table
7.7 in chapter 7). Intention to increase and plant source have already been
discussed. The significant relationship between attitude and plant choice
underscores the importance of encouraging gardeners to foster a positive
attitude towards planting native plants. It is also important to notice that
respondents usually express a disproportionately strong positive attitude (the
largest choice is 5, and mean = 4.58) but do not obtain a high proportion of
native plants (for plant choice, the largest choice is 4, and mean = 2.47). The
relationship between attitude and plant choice only finds expression in
covariation. Zagorski, Kirkpatrick and Stratford (2004) report there is a
dissonance between gardeners’ attitude towards native plants and what kind of
plants they grow in their gardens.

In addition, subjective norm is significantly related to plant choice in the path
analysis, but is not significant in the regression analysis when most important
source of garden plants is introduced as an explanatory variable. Respondents’
subjective norm may be strongly influenced by what source they choose to
obtain garden plants. Respondents who nominate botanic garden/Greenplan as
their most important plant source may know more people who prefer local plants
and tend to think planting native plants is a common practice, which is reflected
as a higher subjective norm.

8.4.3 Bush-friendly behaviour

As for bush-friendly behaviour, there are four significant explanatory variables
along with one interaction term (table 7.9 in chapter 7). Intention to remove and
knowledge of initiatives have been discussed in the previous sections. Besides,
having no fence or a boundary formed by plants is significantly related to
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performing bush-friendly behaviour, while all other boundary types are
insignificant. Head and Muir (2006) report gardeners who are more likely to grow
native plants are more likely to keep their gardens open to bushland (unfenced
or permeable fencing).

Moreover, bush-friendly behaviour is negatively related to time pressure. The
effect of time pressure is also interacted with intention to remove, which has a
larger effect on bush-friendly behaviour than time pressure itself. When time
pressure becomes higher, the intention-behaviour relationship becomes weaker.
It is widely reported that time pressure limits the effort that people invest in
pro-environmental behaviour (Thøgersen 2005). Kennedy et al. (2009) report
time pressure is an important contributor of “environmental values/behaviour
gap”. Dignam et al. (2003) report time pressure is a major obstacle for people to
conduct gardening activities in Australia. Compared to gardening, bush-friendly
behaviour is rarely performed, and seems to be less prioritised by respondents.
In a Danish case study, Lassen (2010) reports when deciding means of
international trips, time, money and comfort are the top three priorities for
knowledge workers, and sustainability is not mentioned. Bush-friendly behaviour
and sustainable travel behaviour are similar in the way that both of them need
extra time input. It is important to notice that time pressure probably only
influences those “inconvenient” behaviours.

Prillwitz and Barr (2011) state that convenient behavioural changes are directly
influenced by attitudes, and are easier to trigger than inconvenient behaviour,
which indicates significant variations in different domains of human behaviour.
Barr et al. (2010) report people tend to separate home-based behaviour from
travel behaviour when talking about behavioural changes, implying convenient
behaviours (home-based behaviour) are easier to be adopted. In the present
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study, variations exist between plant choice or obtaining native plants
(convenient) and bush-friendly behaviour (inconvenient). Firstly, obtaining
garden plants is far more frequent than bush-friendly behaviour, and does not
have a significant correlation with time pressure. Besides, plant choice is
significantly correlated with attitude, while bush-friendly behaviour is not. It is
very possible that encouraging local residents to purchase more native plants is
more effective than encouraging removing weeds spotted in the bushland
(detailed recommendations are presented in section 9.3 of the next chapter).

8.4.4 Summary of the explanatory models

In summary, the TRA with extra variables predicted 21.8% and 22.4% of the
variance respectively in plant choice and bush-friendly behaviour, which are less
than the proportions explained in the regression models [31.4% (Nagelkerke
pseudo R2) and 38.3%] partly due to the extra nominal variables in the
regression analyses. The results suggest that the TRA set a base for the
explanation of behaviour, but different behaviours have different characteristics
which may only be explained by certain factors connected with this behaviour.
Plant choice or obtaining native garden plants is one kind of buying behaviour,
so besides the TRA variables it is related to plant source (where the respondents
mainly obtain garden plants) and receives an indirect effect from self-control
(reflecting respondents’ ability to resist impulse buying). Bush-friendly behaviour
is probably a time-consuming behaviour, so the relationship between intention to
remove and bush-friendly behaviour is moderated by time pressure. Since plant
choice and bush-friendly behaviour are both related to weed management, both
of them receive a direct or indirect effect from knowledge of weed-control
initiatives.
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Time pressure and self-control have both been reported to have certain
influences on general environmental behaviour (Kennedy et al. 2009; Tanner &
Kast 2003; Thøgersen 2005), but it is seldom mentioned that they probably only
influence behaviour from limited domains (self-control probably only influences
resistance to impulsive behaviour, and time pressure probably only influences
time-consuming or inconvenient behaviour). For future research, in addition to
basing certain behaviour on a universal model, it is probably valuable to search
and test specific variables that are specifically connected with that behaviour. It
is already accepted that the proportion of variance in intention and behaviour
unexplained by the TPB/TRA is partly due to the lack of certain variables (Payne,
Jones & Harris 2004), and a variety of extra variables have been examined. It
may also be valuable to categorise the environmental behaviours, and search
explanatory variables according to each category. Furthermore, the widely
reported value-action gap (Barr 2008) could also be accounted for by variables
which have not been widely examined but specifically relate to the examined
action or behaviour. It is important to notice that probably neither the
unexplained variance in behaviour nor the value-action gap can be fully
explained by a single variable or a small amount of variables. Self-control and
time pressure could add explanation to the value-action gap but probably only in
a small amount and for behaviour in certain domains. It is unsurprising that many
other variables contribute to the value-action gap.
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CHAPTER 9: CONCLUSIONS AND RECOMMENDATIONS

9.1 Introduction

This chapter functions as a summary and re-examination of the whole study.
Firstly, I make a brief conclusion for this study according to the order from
objectives one to three. Following this, recommendations with less technical
language are made for weed authorities. I also list the limitations of this study,
and recommendations for future research.

9.2 Conclusions

9.2.1 Conclusion one (corresponding to the result of objective one)

This study shows respondents frequently perform a variety of gardening
activities, and sometimes also cross garden boundary and entre neighbouring
reserve(s). Previous studies about gardening activities mainly focus on
behaviour within the limit of garden boundary, and rarely explore gardeners’
interaction with the outside environment. Since weed issues have been reported
on the interface between private and public land (Dennis 2002), it is necessary
to pay more attention to the gardener-bushland interaction. The present study
indicates the link between behaviours inside and outside is weak, but the
correlations among outside behaviours are relatively strong, showing that the
examined outside behaviours are probably performed together.
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9.2.2 Conclusion two (corresponding to the result of objective two)

Nurseries play a variety of roles in influencing gardeners’ plant choice, and
probably dominate the market of garden plants in Australia (Dempster 2002).
Any efforts that try to change gardeners’ plant preference probably need to take
nurseries into consideration. The current situation is that nurseries may not
specifically promote native plants, and probably do not provide sufficient
information about the origin of plants to be sold (introduced from abroad, native
in Australia or local in Illawarra). Some environmental initiatives have provided
gardeners with information about the native alternatives to the non-native
garden plants, but generally these initiatives are not well known. It is probably
necessary to make these initiatives more accessible and more popular.

9.2.3 Conclusion three (corresponding to the result of objective three)

Garden-related environmental behaviours are less studied compared to other
environmental behaviours such as recycling and water conservation. This study
focuses on plant choice and bush-friendly behaviour which are important for
weed management and biodiversity conservation. Three explanatory variables
(self-control, time pressure and knowledge of initiatives) are specifically
proposed not just to explain the garden-related environmental behaviours, but
also to add explanation to the value-action gap. Intention turns out to be the
most powerful predictor of the corresponding behaviour, and the key explanatory
variables of intentions include attitude towards planting native plants, perceived
harm of non-native plants, and knowledge of weed-control initiatives.

As for the proposed variables, self-control has been reported to be capable of
predicting resistance to impulse buying (Baumeister 2002; Vohs & Faber 2007),
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but has not been applied to purchase of garden plants. This study reveals that a
higher level of self-control contributes to this individual’s intention to increase
planting native plants. Time pressure has been reported to be a major obstacle
for gardening activities (Dignam et al. 2003) and a potential factor that causes
value-action gap (Lassen 2010), but has not been tested against behaviours like
weeding and bush restoration in reserve(s) neighbouring the garden. This study
shows a higher level of time pressure is related to a weaker relationship between
intention to remove and bush-friendly behaviour. As for knowledge of initiatives,
it is shown to be a powerful explanatory variable of bush-friendly behaviour and
the two intention terms. Previous studies (Dolnicar, Hurlimann & Grün 2012;
Trumbo & O’Keefe 2005) report that searching relevant information and
knowledge of relevant issues are related to conservation behaviour, but have not
specifically addressed the influence of environmental initiatives. Finally, future
research can help to design and apply intervention strategies based on the
factors identified in this study to change environmentally detrimental behaviour
of certain local residents and to evaluate the influence of these interventions.

9.3 Recommendations for weed management

9.3.1 Recommendation one (corresponding to the result of objective one)

In order to restrict the spread of invasive garden plants, putting emphasis on
gardeners’ plant procurement and plant preference is probably more effective
than encouraging them to remove weeds found in the reserve(s) or restore the
bushland, since residents, who live adjacent to bushland, obtain garden plants
far more frequently than weeding or doing bush restoration in reserve(s)
neighbouring their gardens. This can be achieved through encouraging growing
native or non-invasive plants and not buying potentially invasive garden plants
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by spreading information through booklets or websites.

Respondents’ behaviour of leaving organic materials (e.g. clippings or garden
waste) in the reserve(s) neighbouring their gardens was explored in this study in
consideration of its potential effect on spreading invasive garden plants. The
result shows that about one quarter of the surveyed gardeners reported they left
organic materials in the neighbouring reserve(s) in the last spring and summer.
Moreover, this behaviour is highly related to removing weeds and bush
restoration in the neighbouring reserve(s), which indicates a possibility that the
organic materials left in the reserve(s) are generated outside of the garden. It
may be valuable to suggest gardeners that if they are going to weed in the
reserve(s), they should remove or eradicate the weed bodies from the reserve(s)
to prevent the weeds from regrowing. This information can be transferred to
gardeners though materials (e.g. flyers and booklets) from weed-control
initiatives (e.g. Bushcare and Grow Local).

Lastly, the surveyed residents reported that Lantana (Lantana camara) and
Wandering Jew (Tradescantia fluminensis) are the weeds of most concern at the
garden/bushland interface.

9.3.2 Recommendation two (corresponding to the result of objective two)

This study discovers that nurseries play a particularly important role in
gardeners’ plant procurement, but do not lead them to obtaining a higher
proportion of native plants. A close cooperation with nursery industry community
is definitely necessary for successful weed management.

Furthermore, in consideration that aesthetic value may be a key criterion of
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choosing garden plants for gardeners who live adjacent to bushland, weed
authorities can present gardeners with the negative side of those good-looking
exotic plants in a vivid form, such as posters or videos placed in the garden plant
retailers, which may inform consumers and inspire negative feelings towards
those plants. Or alternatively, it is also valuable to produce material that
highlights how native, or certainly non-invasive plants, can provide the aesthetic
characteristics that gardeners want (Thøgersen 2005), and to spread these
materials through garden plant outlets or weed control initiatives.

9.3.3 Recommendation three (corresponding to the result of objective three)

Respondents’ intention to increase the proportion of native plants in their
gardens is highly related to obtaining native garden plants, and the strongest
contributor of intention is their attitude towards planting native plants. Thus,
encouraging gardeners to foster a positive attitude is of particular importance.
Strengthening the attitude could be achieved by promoting the good points of
native or local plants, such as supporting native birds, posing less or no threat to
local biodiversity, and requiring less maintenance (e.g. less watering). It is also
important to notice that having a positive attitude towards planting native plants
does not necessarily mean that this person buys or obtains a high proportion of
native garden plants. Besides attitude, there are other factors influencing
gardeners’ plant choice, which are described in the following.

Besides, botanic garden/Greenplan plays an important role in providing local
residents with local plants, but more than half of the respondents know nothing
about it. Greenplan also has certain limitations in providing local plants (e.g. it
only opens once per month). Increasing the popularity and accessibility of
Greenplan is probably a good way to encourage growing local plants. Probably
136

advertising Greenplan and other initiatives through nurseries and other garden
plant outlets will help.

Respondents’ knowledge of four environmental initiatives, including Bushcare,
Greenplan, Grow Local and Grow Me Instead, has a close relationship with their
intention to remove non-native plants found in the neighbouring reserve(s), and
bush-friendly behaviour. However, all of the four initiatives are not well-known
among the surveyed gardeners. Further promoting these initiatives may be an
effective way to spread environmental knowledge about weed control and
encourage bush-friendly behaviour.

In addition, behaviours like removing weeds and doing bush restoration in the
neighbouring reserve(s) are significantly influenced by time pressure. In other
words, time-pressured gardeners may not do much weeding or bush restoration.
Providing gardeners with practical skills, learning opportunities, and even
necessary equipment (Thøgersen 2005) may help to make bush-friendly
behaviour less time-consuming and cancel out the negative effect of time
pressure. Holding workshops with practical exercises for gardeners who are
willing to join is probably a feasible way to achieve this. It is also important to
notice that weeding and restoration activities are influenced by time pressure
maybe also due to the low priority of these activities.

9.4 Limitations and recommendations for future research

There are several shortcomings of this study. Firstly, the garden-related
behaviours adopted in this study may be too general and ignore their internal
components. For example, gardening is a broad term and may include a range
of subordinate activities, such as mowing, watering, growing plants, and
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renovation. Because of this generality, it is difficult to clarify the link between
different activities. For example, it is hard to know whether the organic materials
left in the reserves come from trimming activities in reserves or mowing activities
within garden.

The validity of my results may be influenced by the use of self-reported
behaviour. Chao and Lam (2011) report that the overall fit of the TPB model
predicting self-reported environmental behaviour is much better than that
predicting observed environmental behaviour. Although self-reported behaviour
is still widely used because of its feasibility and lower cost, the result is subject to
social desirability bias, which may overestimate pro-environmental behaviour
and underestimate environmentally destructive behaviour. Recruiting observers
to assess the behaviour of a targeted group is more reliable and should be
recommended if resources are sufficient.

Moreover, variables from different stages in my models were measured at the
same time point, which means the dependent variables in this study are actually
self-reported past behaviour. Thus, the significant relationships in the analyses
cannot reflect true causality among variables (Oreg & Katz-Gerro 2006). To
corroborate the causal relationships, variables from foregoing stages should be
measured earlier than the latter variables. To simplify the procedure, researchers
usually only measure behaviour at a later time point (Payne, Jones & Harris
2004; White & Hyde 2012), and this method is recommended for future studies.

Another issue is about the use of the self-control scale, which was originally
generated in this study and based on previous studies (Tangney, Baumeister &
Boone 2004; Whiteside & Lynam 2001). Although a face validity test, CATPCA
and CFA were conducted to justify its use, more examinations of this scale are
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probably needed to further validate it.

Moreover, although it is detected that bush-friendly behaviour is influenced by
time pressure, I did not compare the priority of bush-friendly behaviour with the
priority of other domestic activities, and cannot conclude that when bush-friendly
behaviour is highly prioritised, it will be less influenced by time pressure. Future
research could focus on the influence of priority on the relationship between time
pressure and behaviour, and on behaviour itself. The exploration of priority
requires a comparison between certain environmental behaviour and other
behaviours, which are seldom conducted by previous studies and may be worth
testing. If priority is going to exert a potential influence on pro-environmental
behaviour (Kennedy et al. 2009), the next step is to explore how to increase the
priority of pro-environmental choices.

Additionally, according to the framework of Steg and Vlek (2009) for promoting
pro-environmental behaviour, the present study addresses the first two steps
(identifying the behaviour to be changed, and examining its explanatory
variables), but not the last two steps (designing and applying the
behaviour-intervening strategies, and evaluating their effects). Although we have
made suggestions for weed management, the effectiveness of the suggested
behaviour-intervening strategies under a certain circumstance can only be
evaluated by future studies that put these strategies in application and
experiment. The results from these studies would be more concrete and useful
for policy makers.

Furthermore, dependent variables used in this study only include plant choice
and bush-friendly behaviour, but neglected other forms of garden-related
environmental behaviour, such as less pesticide and fertiliser use, composting
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and mulching. This would underestimate some respondents’ influence on the
bushland. Future studies should extend the range of garden-related
environmental behaviour, and this could be in the form of a list.

Lastly, this study only considered three behaviours in the neighbouring
reserve(s), but surely people do other things there, e.g. bush walking and
entertaining activities. Thus, our study cannot assess gardeners’ interaction with
their neighbouring reserve(s), and cannot conclude whether garden plants
spread outside of the garden mainly by means of human activities or natural
forces.

9.5 Summary

This study provides an exploratory case for the understanding of garden-related
behaviours to complement existing research. The practical implication of our
results lies in the recommendations for weed management. Future research can
help to experimentally test intervention strategies based on the factors identified
in this study and to evaluate the influence of these interventions.
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APPENDICES
Appendix A: Survey questionnaire

Survey Questionnaire
An exploration of plant-related and gardening activities
by Wollongong residents
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Dear Wollongong Resident,
As some who lives adjacent to or near a public reserve, we invite you to
participate in a survey about gardening and weeding activities. The
survey will form part of a research project being undertaken by University
of Wollongong student, Ren Hu. The information you provide will help to
understand the ways in which reserves and gardens are important to
residents.
The survey should be completed by an adult member of the household
responsible for gardening decisions. Completion of this questionnaire
will be taken as your consent to participate. The survey includes five
parts and you may need 20 minutes to finish it. You can complete the
paper-version
questionnaire,
and
drop
your
postage-paid,
th
preaddressed envelope in the mail by 30 November 2013. You can
also choose to complete it online using the web link
https://www.surveymonkey.com/s/gardenwollongong.
There are no correct or incorrect responses. We are only seeking
information about your opinions and activities. All responses will be
anonymous and will in no way be traceable to individual respondents.
As a volunteer participant, there is no obligation to complete the survey
and you can choose to opt out of this study at any time. If you have any
questions about how this research has been conducted please contact:
Nicholas Gill: via email(ngill@uow.edu.au) or phone(+
Ren Hu: via email (rh407@uowmail.edu.au) or phone (

).
).

If you have any questions about your rights as a research participant
please contact the Ethics Officer (Human Research Ethics Committee),
University of Wollongong (02 4221 4457).
Thanks for your assistance. We appreciate your consideration.
Sincerely yours,
Ren Hu
Research student, University of Wollongong
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Part 1: Gardening Activities and Plant Choices
1. How often do you or someone else undertake gardening activities on your
property? (Tick ✔only one)
☐ Every day

☐ At least once a week

☐ At least every fortnight

☐ At least once a month

☐ Less than once a month

☐ Never

2. How often do you buy or obtain garden plants? (Tick ✔only one)
☐ At least once a week

☐ At least once a month

☐ At least once every three months

☐ At least once a year

☐ Less than once a year

☐Never

If your answer to question 2 is ‘Never’, you can skip questions 3, 4, 5.
3. In general and to the best of your memory, please indicate what kind of
garden plants you have obtained in the last 12 months? (Tick ✔only one)
Only non-native plants

Mainly non-native plants

Unsure

Mainly native plants

Only native plants

☐

☐

☐

☐

☐

4. What are your sources of new garden plants? (Please tick all that apply)
☐ Nursery

☐ Supermarkets and grocers

☐ Botanic garden/Greenplan

☐ Private plant or seed collectors

☐ Self-collecting

☐ Friends and relatives

☐ Gardening clubs

☐ Other, please specify: ____________________

5. Please indicate what is your most important source of new garden plants:
_______________

Part 2: Garden Management
6. Which of the following best describes the boundary between your property
and the neighbouring reserve(s)? Your answer to this question will help us
understand the interface between your property and neighbouring reserve(s).
(Tick ✔only one)
☐ Solid fence too high to easily look over

☐ A boundary formed by plants

☐ Solid fence short enough to look over

☐ No fence

☐ A fence that you can look through

☐ Road

☐ Other, please specify: _________
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7. Is there a gate in the boundary or fence between your property and the
neighbouring reserve(s)? (Tick ✔only one)
☐ Yes

☐ No

8. Please indicate how often you carried out weeding on your property last spring
and summer (from Sept. 2012 to Feb. 2013)? (Tick ✔only one)
At least once a

At least every

At least once a

At least every

Less than every

week

fortnight

month

three months

three months

☐

☐

☐

☐

☐

Never

☐

9. Please indicate how often you did the following activities in the neighbouring
reserve(s) in the last spring and summer (from Sept. 2012 to Feb. 2013)?
(Please complete each statement by ticking the appropriate box)

a.

Weeding

b.

Bush restoration

c.

Leave organic materials (such

At least

At least

At least

At least

Less than

once a

every

once a

every three

every three

week

fortnight

month

months

months

☐
☐
☐

☐
☐
☐

☐
☐
☐

☐
☐
☐

☐
☐
☐

Never

☐
☐
☐

as lawn clippings) there

10. If you leave any organic materials (such as lawn clippings) in the
neighbouring reserve(s), what are the reasons? (Please tick all that apply)
☐ Inadequate green bin capacity

☐ It is convenient

☐ I use it as compost or mulch

☐ It is good for the environment

☐ Other, please specify: _____________________________

Part 3: What You Think
In this section, we would like to ask you some questions about your attitudes and
thinking. The information you provide will help us understand the backgrounds of
people who complete the survey
11. If you are worried about weeds in your garden and the neighbouring
reserve(s), please list the three weeds that you are most worried about. Please
list them in order of concern, starting with the plant you are most worried about
First
Second
Third
___________________ ___________________ ___________________
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12. Please indicate to what extent you think non-native plants in general are
harmful to:
(Please circle the appropriate number; the larger the number, the more you think
non-native plants are harmful to that item)
Not harmful to

Extremely harmful to

a.

Bushland near to your home

0

1

2

3

4

b.

Australia’s natural environment

0

1

2

3

4

c.

Australian agriculture

0

1

2

3

4

13. To what extent do you agree or disagree with the following?
(Please tick the box that most closely matches your opinion)

a.

I find the idea of planting native plants disagreeable

b.

I find the idea of planting native plants unpleasant

c.

My feelings towards planting native plants are favourable

d.

I find the idea of planting native plants pleasing

e.

I think mainly planting native plants is a common practice

Strongly

Mildly

Unsure

disagree

disagree

☐
☐
☐
☐
☐

☐
☐
☐
☐
☐

☐

☐

Mildly

Strongly

agree

agree

☐
☐
☐
☐
☐

☐
☐
☐
☐
☐

☐
☐
☐
☐
☐

☐

☐

☐

among my friends and relatives
f.

I think mainly planting native plants is a common practice
among Australians

14. Before you decide to obtain new garden plants, which issue(s) in the
following do you think about? (Please tick all that apply)
☐ Cost

☐ Its suitability to the conditions of my garden

☐ Its appearance

☐ Its potential habitat value for birds or other animals

☐ Its potential food value (from fruit/vegetable plants)

☐ Its potential to spread into the neighbouring environment

☐ Its potential to become a weed

☐The amount of maintenance (e.g. trimming and fertilising )

☐ Other, please specify: _________________________

15. Irrespective of your current gardening practices, to what extent do you have
any intention to: (Please circle the appropriate number; the larger the number is,
the stronger your intention is)
No intention
a.

Increase the extent to which your garden is

Firm intention

0

1

2

3

4

0

1

2

3

4

made of native plants
b.

Remove the non-native plants found in the
neighbouring reserve(s)
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16. To what extent do you agree or disagree with the following?
(Please tick the box that most closely match your pattern)

a.

Before I decide to obtain garden plants, I will try to find out

Strongly

Mildly

disagree

disagree

☐

☐

☐

Unsure

Mildly

Strongly

agree

agree

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐
☐

☐
☐

☐
☐

☐
☐

☐
☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

some information about them to justify my purchase
b.

Before I decide to obtain garden plants, I will think about
the future impact of planting them in my garden

c.

When I decide to obtain a garden plant, I should be very
clear on which plants I should not choose (e.g. plants
which may not fit my garden)

d.

When I see a garden plant I really like, I try to obtain it
immediately without thinking about any negative aspects
related to it

e.

It is hard for me to resist obtaining the plant I really like

f.

Choosing garden plants is a trivial matter, I do not usually
pay much attention to it

g.

Even if planting a certain plant in my garden is going to
have some negative consequences, it may not be a big
deal, so I will not care too much

h.

Even if a garden plant is very attractive to me, I will not
obtain it if I know the consequences may be bad (such as it
becoming a weed in the neighbouring environment)

i.

I generally seek new garden plants that I never grew
before, even if they are a little different from what I already
have

j.

I will try any new garden plants I find at least once,
provided they are suitable for my garden

k.

Once I have a procedure of choosing garden plants, I will
hook on to it

l.

Once I start a project (such as renovating my garden), I
almost always finish it without much delay

m

At places where garden plants are for sale, there is

.

sufficient information about the origin of plants (introduced
from abroad, native in Australia or local in Illawarra)

n.

I find the range of garden plants offered by retailers such
as nurseries limits my ability to buy the plant I want
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17. Time pressure may be a factor stopping people from doing some time
consuming gardening activities. To what extent do you agree or disagree with
the following? (Please tick the box that most closely match your situation)
Strongly

Mildly

disagree

disagree

Unsure

Mildly

Strongly

agree

agree

a.

I never seem to have enough time to get everything done

☐

☐

☐

☐

☐

b.

I feel rushed or pressed for time

☐

☐

☐

☐

☐

c.

I am often in a hurry

☐

☐

☐

☐

☐

d.

I have enough time for myself

☐

☐

☐

☐

☐

e.

I feel that too much is expected of me

☐

☐

☐

☐

☐

f.

I worry about how I am using my time

☐

☐

☐

☐

☐

g.

I am always running out of time

☐

☐

☐

☐

☐

Part 4: Personal Information
18. Please indicate your gender:

☐ Male

☐ Female

19. What is the highest level of education you have completed?
☐ Primary school

☐ High school / secondary school ☐ Diploma

☐ Bachelor’s degree ☐ Trade / apprenticeship

☐ Postgraduate degree

20. Please indicate your current age: _____
21. Please indicate your postcode: ___________
22. How many adults and children live in your household for at least two days a
week?
Adults: _____
Children (under 18 years): _____
23. Please indicate the category that best represents your current employment
status (Tick ✔only one):
☐ Employed full-time

☐ Employed part-time

☐ Self-employed

☐ Home duties

☐ Unemployed

☐ Retired

☐ Full-time student

☐ Part-time student

☐ Other, please specify:
___________________
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24. How many hours on average did you spend on paid work and study per
week in the last twelve months except holiday time?
Please indicate: ________
25. Including ALL members of your household, what is your TOTAL weekly
income (after tax)? (Tick ✔only one)
☐ $1 - $349 per week

☐ $350 - $749 per week

☐ $750 - $1299 per week

☐ $1300 - $2099 per week

☐ $2100 - $4149 per week

☐ $4150 + per week

Part 5: Source of Information about Plants
26. There have been several initiatives helping local residents to make decisions
about plants and gardening. These initiatives are listed in the following table.
Please indicate your level of knowledge of them.
(Please circle the appropriate number; the larger the number is, the more
knowledge of that initiative you have)
No knowledge

A lot of knowledge

a.

Greenplan

0

1

2

3

4

b.

Bushcare

0

1

2

3

4

c.

Grow Local

0

1

2

3

4

d.

Grow Me Instead

0

1

2

3

4

27. Please indicate your main sources of information about choosing garden
plants? (Please tick all that apply)
☐ TV programs

☐ Internet

☐ Magazines or newspapers

☐ Friends and families

☐ Books

☐ Education in school/university/TAFE

☐ Any information from nurseries
☐ Workshops held by environmental groups/ initiatives
☐ Brochures from environmental groups/ initiatives
☐ Other, please specify: _________________________

28. Please indicate your most important source of information about choosing
garden plants: _________________________________________________

Thank you for your help!
Please put your finished questionnaire into the postage-paid envelope, and drop
it in the mail by 30th November 2013
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Appendix B: Follow-up letter

Follow-up letter
A project about gardening and weeds
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Dear Wollongong Resident,
In late August or early September 2013, I sent a letter that asked you to
complete a survey about your plant procurement and garden management. If
you have returned the survey, thank you very much for your time and
consideration.
If you have not completed the survey, I would like to ask you consider doing so.
Your survey is important in helping to get accurate results. The response of most
people within the survey participants will ensure that the results are truly
representative of the thoughts and opinions of Wollongong residents.
If you have lost the survey, you can complete it online at:

https://www.surveymonkey.com/s/gardenwollongong
Alternatively, if you would prefer a paper version of the questionnaire, you can
contact:
Ren Hu: via email (rh407@uowmail.edu.au) or phone (
Nicholas Gill: via email (ngill@uow.edu.au) or phone

).

I appreciate that you may be busy, but the questions should only take 20 minutes
to complete. Your answers are voluntary and will be kept confidential. As a
volunteer participant, there is no obligation to complete the survey and you can
choose to opt out of this study at any time. If you have any questions about how
this research has been conducted please contact Nicholas Gill or Ren Hu.
If you have any questions about your rights as a research participant please
contact the Ethics Officer (Human Research Ethics Committee), University of
Wollongong (02 4221 4457).
I hope you enjoy completing the survey.
Best Regards,
Ren Hu
Research student, University of Wollongong
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Appendix C: Relevant websites

1. Greenplan:
http://www.wollongong.nsw.gov.au/services/sustainability/Pages/greenplan.asp
x

2. GMI:
http://www.growmeinstead.com.au/

3. Grow Local:
http://www.wollongong.nsw.gov.au/services/sustainability/growlocal/pages/defa
ult2.aspx

4. Bushcare:
http://www.wollongong.nsw.gov.au/services/sustainability/Pages/bushcare.aspx

5. High Priority Widespread Weeds in SRCMA Sub-regions:
http://www.environment.nsw.gov.au/resources/pestsweeds/cma_weeds_SR.pdf

6. Noxious Weed declarations for Illawarra District Noxious Weeds Authority:
http://www.dpi.nsw.gov.au/agriculture/pests-weeds/weeds/noxweed/noxious-app
-application?sq_content_src=%252BdXJsPWh0dHAlM0ElMkYlMkZ3ZWVkcy5k
cGkubnN3Lmdvdi5hdSUyRndlZWRzUHVibGljJTJGQ291bmNpbCUyRkRldGFp
bHMmYWxsPTE%253D&id=59&search=go
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Appendix D: Weed name (ranked by common name with unknown weed at the
bottom)

Name occurred in

Common name

Scientific name

questionnaires
Agapanthus

Agapanthus praecox subsp.

Agapanthus

orientalis
Alligator Weed

Alligator weed

Alternanthera philoxeroides

Asparagus

Asparagus

Asparagus aethiopicus, Asparagus

aethiopicus,

fern/basket fern

densiflorus, Asparagus plumosus,

asparagus fern, bush

Asparagus setaceus, Asparagus

asparagus,

virgatus

bush fern
Asthma plant

Asthma weed

Parietaria judaica

Bamboo

Bamboo

Phyllostachys spp., Bambusa spp.

Balloon Vine

Balloon vine

Cardiospermum spp.

Billygoat weed

Billygoat weed

Ageratum conyzoides

Bindii

Bindii

Soliva sessilis, Tribulus terrestris

Bitou bush

Bitou bush

Chrysanthemoides monilifera
subsp. rotundata

Blackberry

Blackberry

Morning glory

Blue
glory,

Rubus fruticosus spp.

morning Ipomoea indica, Ipomoea purpurea,
coastal Ipomoea cairica

morning glory
Bracken fern

Bracken fern

Pteridium esculentum

Brideweed

Bridal creeper

Asparagus asparagoides

California fern

California fern

Conium

maculatum,

chaerophylloides
Camphor laurel

Camphor laurel
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Cinnamomum camphora

Conium

Delairea odorata

Delairea odorata, ivy, Cape ivy
senecio mikanoides
Cassia

Cassia/senna

Senna pendula var. glabrata

Castor oil plant

Castor oil plant

Ricinus communis

Chick weed

Chickweed

Stellaria media

Celtis, nettle

Chinese celtis

celtis sinensis

Climbing nightshade

Climbing

Solanum seaforthianum

nightshade
Clover

Trifoliumrepens spp.

Clover

Cobblers

peg, Cobbler’s

Bidens pilosa

pegs/farmer’s

farmers friend

friends
Syagrus romanzoffiana

Cocos palm, palm Cocos palm
tree
Coffee
Coral

Senna occidentalis

Coffee senna
trees,

Erythrina sykesii

cord Coral tree

trees
Crofton weed

Crofton weed

Ageratina adenophora

Dandelion

Dandelion

Taraxacum officinale

Pitchfork barr

Devils pitchfork

Bidens frondosa

Elephant ear

Elephant ears

Alocasia macrorrhizos

Elephant grass

Elephant grass

Pennisetum purpureum

Fennel

Fennel

Foeniculum vulgare

Fireweed

Fireweed

Senecio madagascariensis
Nephrolepis cordifolia

Fish fern, fishbone Fishbone fern
fern
Bramble

Giant bramble

Rubus alceifolius

Green cestrum

Green cestrum

Cestrum parqui

Ground Asparagus

Ground

Asparagus aethiopicus
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asparagus
Cactus

Harrisia cactus

Harrisia spp.

Horse weed

Horsetail

Equisetum spp.

Jasmine

Jasmine morinda

Morinda jasminoides
Hedychium gardnerianum

Ginger plants, kahili Kahili ginger
ginger, wild ginger
Kiyuyu

Kikuyu

Pennisetum clandestinum

Lantana

Lantana

Lantana camara

Madeira vine

Madeira vine

Anredera cordifolia

Milkweed

Milkweed

Euphorbia heterophylla, Euphorbia
peplus

Montbretia

Montbretia

Crocosmia x crocosmiiflora

Choko, moth vine

Moth vine

Araujia sericifera
Ochna serrulata

Mickey mouse plant, Ochna/Mickey
ochna

mouse plant

Okra

Okra

Abelmoschus esculentus

Onion weed

Onion weed

Nothoscordum borbonocum

Oramental

Ornamental

Asparagus africanus

asparagus

asparagus

Oxalis

Oxalis

Oxalis species and varieties Includes all Oxalis species and
varieties except the native species
O. chnoodes, O. exilis, O.
perennans, O. radicosa, O. rubens,
and O thompsoniae

Paddy’s lucerne

Paddy’s lucerne

Sida rhombifolia

Pampas

Pampas grass

Cortaderia species

Panic veldt grass

Panic veldt grass

Ehrharta erecta

Paspalum

Paspalum

Paspalum spp.
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Paterson’s curse

Paterson’s curse

Echium plantagineum

Poison ivy

Poison ivy

Toxicodendron radicans

Potato vine

Potato weed

Galinsonga parviflora

Prickly pears

Prickly pear

Opuntia spp.

Prickly pine

Prickly pine

Bursaria tenuifolia

Privet

Privet

Ligustrum

lucidum,

Ligustrum

sinense
Rambling dock

Rambling dock

Acetosa sagittata

Rock daisy

Rock daisy

Brachyscome

spp.,

Pachystegia

spp., Perityle spp.
Scotch thistle

Scotch thistle

Onopordum acanthium

Banana tree

Seeded banana

Musa spp.

Stinging nettle

Stinging nettle

Urtica dioica

Strangler fig

Strangler fig

Ficus aurea, Ficus barbata, Ficus
benghalensis, Ficus citrifolia, Ficus
craterostoma, Ficus tinctoria, Ficus
macrophylla, Ficus obliqua, Ficus
virens, Ficus watkinsiana

Sun spurge
Cirsium

Euphorbia helioscopia

Sun spurge

Carduus nutans, Cirsium arvense,

vulgare, Thistle

thistle

Cirsium

vulgare,

Carthamus

lanatus,

Onopordum

acanthium,

Scolymus hispanicus
Turkey rhubarb

Turkey rhubarb

Tradescantia fluminensis

Wandering jew, trad, Wandering
tradescantia

Acetosa sagittata

jew/trad

fluminensis
Tobacco weed

Wild tobacco

Solanum mauritianum

Winder grass

Winter grass

Poa annua
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Wisteria spp.

Wysteria

Wysteria

Daisy

Yellow daisy or Euryops
pterophorus

African daisy
Cane, cat eye thorn, Unknown weed
collis,

N/A

hitchhikers,

Lazy susans, Liana,
transdeshia
Grass

Grass

N/A

Vine

Vine

N/A
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spp.

or

Senecio

Appendix E: Weed frequency

The following three tables respectively list the frequency and per cent of each
weed listed first, second and third among weeds of concern to respondents.
First nominated weed
Cumulative
Frequency
Valid

Per cent

Valid Per cent

Per cent

Lantana

91

23.8

31.2

31.2

Wandering jew

41

10.7

14.0

45.2

Privet

20

5.2

6.8

52.1

Onion weed

19

5.0

6.5

58.6

Asparagus fern

15

3.9

5.1

63.7

Morning glory

12

3.1

4.1

67.8

Madeira vine

12

3.1

4.1

71.9

Bindii

10

2.6

3.4

75.3

unknown weed

9

2.4

3.1

78.4

Clover

8

2.1

2.7

81.2

Bitou bush

7

1.8

2.4

83.6

Fireweed

6

1.6

2.1

85.6

Thistle

5

1.3

1.7

87.3

Bamboo

4

1.0

1.4

88.7

Blackberry

3

.8

1.0

89.7

vine

3

.8

1.0

90.8

Dandelion

2

.5

.7

91.4

Cobbler's peg

2

.5

.7

92.1

Coral tree

2

.5

.7

92.8

Moth vine

2

.5

.7

93.5

Asthma weed

1

.3

.3

93.8
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Small-leaved privet

1

.3

.3

94.2

Large-leaved privet

1

.3

.3

94.5

Camphor laurel

1

.3

.3

94.9

Chinese celtis

1

.3

.3

95.2

Crofton weed

1

.3

.3

95.5

Harrisia cactus

1

.3

.3

95.9

Kikuyu

1

.3

.3

96.2

Oxalis

1

.3

.3

96.6

Panic veldt grass

1

.3

.3

96.9

Paterson's curse

1

.3

.3

97.3

Poison ivy

1

.3

.3

97.6

Potato weed

1

.3

.3

97.9

Stinging nettle

1

.3

.3

98.3

Turkey rhubarb

1

.3

.3

98.6

grass

1

.3

.3

99.0

Banana

1

.3

.3

99.3

Balloon vine

1

.3

.3

99.7

Wysteria

1

.3

.3

100.0

292

76.4

100.0

90

23.6

382

100.0

Total
Missing
Total

Second nominated weed
Cumulative
Frequency
Valid

Per cent

Valid Per cent

Per cent

Lantana

46

12.0

19.5

19.5

Wandering jew

32

8.4

13.6

33.1

Privet

20

5.2

8.5

41.5
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Bindii

14

3.7

5.9

47.5

Asparagus fern

13

3.4

5.5

53.0

unknown weed

10

2.6

4.2

57.2

Morning glory

7

1.8

3.0

60.2

Onion weed

7

1.8

3.0

63.1

Bitou bush

5

1.3

2.1

65.3

vine

5

1.3

2.1

67.4

Fireweed

4

1.0

1.7

69.1

grass

4

1.0

1.7

70.8

Dandelion

3

.8

1.3

72.0

Blackberry

3

.8

1.3

73.3

Cape ivy

3

.8

1.3

74.6

Madeira vine

3

.8

1.3

75.8

Ochna

3

.8

1.3

77.1

Oxalis

3

.8

1.3

78.4

Thistle

3

.8

1.3

79.7

Turkey rhubarb

3

.8

1.3

80.9

Agapanthus

2

.5

.8

81.8

Clover

2

.5

.8

82.6

Cobbler's peg

2

.5

.8

83.5

Crofton weed

2

.5

.8

84.3

Fishbone fern

2

.5

.8

85.2

Jasmine morinda

2

.5

.8

86.0

Kahili ginger

2

.5

.8

86.9

Moth vine

2

.5

.8

87.7

Stinging nettle

2

.5

.8

88.6

Wild tobacco

2

.5

.8

89.4

Large-leaved privet

1

.3

.4

89.8

Billygoat weed

1

.3

.4

90.3
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Climbing nightshade

1

.3

.4

90.7

Bridal creeper

1

.3

.4

91.1

Cassia

1

.3

.4

91.5

Chinese celtis

1

.3

.4

91.9

Cocos palm

1

.3

.4

92.4

Coffee senna

1

.3

.4

92.8

Coral tree

1

.3

.4

93.2

Devil's pitchfork

1

.3

.4

93.6

Giant bramble

1

.3

.4

94.1

Ground asparagus

1

.3

.4

94.5

Kikuyu

1

.3

.4

94.9

Montbretia

1

.3

.4

95.3

Paddy's lucerne

1

.3

.4

95.8

Potato weed

1

.3

.4

96.2

Prickly pear

1

.3

.4

96.6

Rambling dock

1

.3

.4

97.0

Rock daisy

1

.3

.4

97.5

Scotch thistle

1

.3

.4

97.9

Strangler fig

1

.3

.4

98.3

Wintergrass

1

.3

.4

98.7

Daisy

1

.3

.4

99.2

Banana

1

.3

.4

99.6

Bracken fern

1

.3

.4

100.0

236

61.8

100.0

Missing

146

38.2

Total

382

100.0

Total

187

Third nominated weed
Cumulative
Frequency
Valid

Per cent

Valid Per cent

Per cent

Lantana

20

5.2

12.4

12.4

Wandering jew

17

4.5

10.6

23.0

unknown weed

16

4.2

9.9

32.9

Bindii

12

3.1

7.5

40.4

Privet

8

2.1

5.0

45.3

vine

7

1.8

4.3

49.7

Asparagus fern

6

1.6

3.7

53.4

Dandelion

6

1.6

3.7

57.1

Bitou bush

5

1.3

3.1

60.2

Crofton weed

4

1.0

2.5

62.7

Thistle

4

1.0

2.5

65.2

Onion weed

3

.8

1.9

67.1

Madeira vine

3

.8

1.9

68.9

Oxalis

3

.8

1.9

70.8

grass

3

.8

1.9

72.7

Bamboo

3

.8

1.9

74.5

Morning glory

2

.5

1.2

75.8

Cape ivy

2

.5

1.2

77.0

Clover

2

.5

1.2

78.3

Cobbler's peg

2

.5

1.2

79.5

Coral tree

2

.5

1.2

80.7

Fireweed

2

.5

1.2

82.0

Kahili ginger

2

.5

1.2

83.2

Moth vine

2

.5

1.2

84.5

Turkey rhubarb

2

.5

1.2

85.7

Alligator weed

1

.3

.6

86.3
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Blackberry

1

.3

.6

87.0

California fern

1

.3

.6

87.6

Camphor laurel

1

.3

.6

88.2

Castor oil plant

1

.3

.6

88.8

Chickweed

1

.3

.6

89.4

Cocos palm

1

.3

.6

90.1

Elephant ears

1

.3

.6

90.7

Elephant grass

1

.3

.6

91.3

Fennel

1

.3

.6

91.9

Green cestrum

1

.3

.6

92.5

Harrisia cactus

1

.3

.6

93.2

Jasmine morinda

1

.3

.6

93.8

Kikuyu

1

.3

.6

94.4

Milkweed

1

.3

.6

95.0

Okra

1

.3

.6

95.7

Ornamental

1

.3

.6

96.3

Pampas grass

1

.3

.6

96.9

Paterson's curse

1

.3

.6

97.5

Potato weed

1

.3

.6

98.1

Prickly pine

1

.3

.6

98.8

Sun spurge

1

.3

.6

99.4

Strangler fig

1

.3

.6

100.0

161

42.1

100.0

Missing

221

57.9

Total

382

100.0

asparagus

Total

189

Appendix F: Descriptive statistics and correlation coefficients of major variables
1. Descriptive statistics
Variable

Mean

SD

Minimum

Maximum

Bush-friendly behaviour

.89

1.26

0

5

Plant choice

2.47

.75

1

4

Intention to remove

2.47

1.46

1

5

Intention to increase

3.20

1.46

1

5

Attitude

4.58

.73

1

5

Subjective norm

3.32

.83

1

5

Perceived harm

3.71

1.12

1

5

Knowledge of initiatives

1.95

1.00

1

5

Self-control

4.07

.62

2

5

Time pressure

3.21

1.01

1

5

Obtaining garden plants

2.55

1.10

0

5

Gardening

3.51

1.21

0

5

Weeding within the garden

3.46

1.26

0

5

Leaving organic materials INR

.57

1.19

0

5

Weeding INR

1.23

1.55

0

5

Bush restoration INR

.69

1.22

0

5

Perceived limitation of plant availability

3.05

1.19

1

5

Plant origin information

2.60

1.30

1

5

Age

55.51

15.02

9

90

Income

3.63

1.30

1

6

Hours spent on paid work and study per week

22.82

19.96

0

85

Number of children

.58

.94

0

4

Note: INR = in the neighbouring reserve(s).
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2. Spearman correlation coefficients and p values
1

2

3

4

5

6

7

8

9

10

1. Bush-friendly behaviour
2. Plant choice (four point)
3. Intention to remove
4. Intention to increase
5. Attitude
6. Subjective norm
7. Perceived harm
8. Knowledge of initiatives
9. Self-control
10. Time pressure
11. Income

.146
.015
.532

.218

<.001

<.001

.208

.509

.421

<.001

<.001

<.001

.064

.332

.229

.453

.266

<.001

<.001

<.001

.038

.215

.031

.133

.204

.498

<.001

.572

.013

<.001

.056

.093

.257

.255

.223

.059

.321

.114

<.001

<.001

<.001

.285

.310

.126

.297

.330

.147

.172

.132

<.001

.033

<.001

<.001

.009

.002

.018

.091

.082

.217

.242

.200

.078

.171

.210

.107

.154

<.001

<.001

<.001

.149

.002

<.001

-.153

.056

-.025

.058

.042

.038

.064

-.033

-.139

.007

.339

.656

.292

.462

.492

.250

.557

.011

.048

.067

.156

.071

.039

-.142

.103

.059

-.042

.201

.423

.276

.007

.212

.514

.013

.077

.316

.469

.001
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11

12

13

14

15

12.

Perceived

limitation

of

plant

availability
13. Plant origin information
14. Age
15. Hours spent on paid work and
study per week
16. Number of children

.005

.206

.119

.188

.082

.032

.030

.065

.011

.136

.022

.936

<.001

.027

<.001

.137

.556

.583

.235

.840

.012

.700

.022

.060

-.030

-.124

-.071

.138

-.068

-.013

-.122

.026

-.023

-.220

.687

.296

.573

.019

.198

.009

.211

.815

.021

.629

.684

<.001

.044

-.142

-.065

-.191

-.065

.065

-.092

-.003

.018

-.378

-.509

-.104

.008

.430

.013

.228

<.001

.239

.232

.094

.959

.734

<.001

<.001

.052

.886

-.038

.131

.048

.171

.070

-.021

.091

-.006

.003

.391

.508

.141

-.133

-.594

.518

.027

.398

.002

.228

.707

.110

.922

.956

<.001

<.001

.010

.015

<.001

.008

.104

.050

.041

.013

-.018

.053

.003

-.087

.306

.262

.028

.032

-.590

.259

.888

.064

.352

.431

.813

.740

.326

.951

.100

<.001

<.001

.593

.538

<.001

<.001

13

14

15

Note: numbers in each cell are respectively correlation coefficient and p value; Bonferroni adjusted alpha level = 4.2e-4 (= .05/120).

3. Pearson correlation coefficients
1

2

3

4

1. Bush-friendly behaviour
2. Plant choice (four point)
3. Intention to remove
4. Intention to increase
5. Attitude

.124
.039
.497

.229

<.001

<.001

.163

.480

.409

.003

<.001

<.001

.043

.295

.215

.404

.450

<.001

<.001

<.001
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5

6

7

8

9

10

11

12

6. Subjective norm
7. Perceived harm
8. Knowledge of initiatives
9. Self-control
10. Time pressure
11. Income
12. Perceived limitation of plant
availability
13. Plant origin information
14. Age
15. Hours spent on paid work and
study per week
16. Number of children

.043

.200

.035

.131

.220

.441

<.001

.518

.014

<.001

.086

.122

.304

.278

.203

.017

.128

.037

<.001

<.001

<.001

.761

.329

.104

.266

.311

.065

.158

.116

<.001

.077

<.001

<.001

.247

.004

.038

.112

.089

.227

.252

.165

.075

.200

.229

.046

.126

<.001

<.001

.003

.164

<.001

<.001

-.176

.066

-.043

.065

-.001

.040

.067

-.068

-.165

.002

.261

.439

.236

.991

.471

.229

.226

.003

.064

.091

.136

.079

.042

-.110

.133

.037

-.020

.223

.288

.139

.019

.167

.475

.057

.023

.531

.729

<.001

-.032

.199

.110

.179

.066

.031

.042

.071

.006

.134

.027

.566

<.001

.040

.001

.231

.568

.437

.196

.912

.014

.641

.048

.063

-.034

-.114

-.101

.165

-.099

.019

-.106

.035

-.028

-.221

.392

.274

.525

.032

.064

.002

.068

.725

.045

.526

.624

<.001

.062

-.140

-.058

-.189

-.031

.051

-.083

.021

.008

-.371

-.536

-.091

-.003

.269

.014

.285

<.001

.577

.345

.133

.711

.886

<.001

<.001

.088

.951

-.045

.123

.046

.173

.055

-.015

.095

-.053

-.003

.390

.520

.144

-.132

-.589

.445

.039

.414

.002

.339

.791

.095

.356

.951

<.001

<.001

.009

.016

<.001

-.037

.103

.067

.060

.027

-.005

.049

-.010

-.082

.293

.248

.009

.038

-.520

.222

.502

.068

.213

.253

.620

.922

.368

.849

.124

<.001

<.001

.858

.474

<.001

<.001

Note: numbers in each cell are respectively correlation coefficient and p value; Bonferroni adjusted alpha level = 4.2e-4 (= .05/120).
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Appendix G: Testing assumptions of multiple linear regression model

1. Collinearity statistics

Collinearity Statistics
Variable

Tolerance

VIF

Other

0.554

1.807

High solid fence with gate

0.527

1.898

Short solid fence no gate

0.579

1.728

Short solid fence with gate

0.466

2.148

Look through fence no gate

0.574

1.743

Look through fence with gate

0.355

2.814

Road

0.583

1.715

No fence or a boundary formed by plants

0.39

2.562

Intention to remove

0.874

1.144

Knowledge of initiatives

0.893

1.12

Time pressure

0.942

1.061

2. Descriptive statistics for Cook’s distance

Minimum
Cook's Distance

Maximum

.000

.047
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Mean
.004

Std. Deviation
.007

3. Histogram of standardised model residuals
Dependent variable: bush-friendly behaviour
Mean = 3.56E-17
SD = 0.98

Frequency
Regression Standardised Residual

4. P-P plot of standardised model residuals
Normal P-P plot of regression standardised residuals
Dependent variable: bush-friendly behaviour

Expected Cum Prob

Observed Cum Prob
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5. Scatterplot of standardised residuals against standardised predicted values
Dependent variable: bush-friendly behaviour

Regression Standardised Residual
Regression Standardised Predicted Value
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Appendix H: Simple slopes analysis

Firstly, variables including bush-friendly behaviour, intention to remove, and time
pressure were all standardised by deducting the mean from the original variable
and dividing the result by the standard deviation. After that, an interaction term
was created by multiplying intention to remove (standardised) by time pressure
(standardised). All of the standardised variables and interaction term were put
into a multiple linear regression model, and the results are shown in table 7.10.

Table 7.10 Multiple linear regression model with standardised variables and
interaction term.
B

Variable

Final β

SE B

Constant

-.007

.049

Intention to remove

.501

.049

.498***

Time pressure

-.147

.049

-.147**

Interaction term

-.132

.050

-.130**

Note: dependent variable = bush-friendly behaviour (standardised).
F (3, 296) = 43.448, p < .001, R2 = .306. **p < .01; ***p < .001.
According to table 7.10, the interaction is significant (Aiken & West 1991), which
means time pressure moderates the relationship between intention to remove
and bush-friendly behaviour. Based on this model, three equations were
constructed, when time pressure was equal to 1 (the lowest value, -1.007
standard deviation below mean), 3 (the middle point of the scale, 0.363 standard
deviation above mean), and 5 (the highest value, 1.733 standard deviation
above mean). The corresponding regression lines of these equations are plotted
in fig. 7.5. In the first equation (time pressure = 1), intention to remove has the
strongest relation with bush-friendly behaviour (B = 0.63, SE B = 0.06, p < .001).
In the second equation (time pressure = 3), the intention-behaviour relation
becomes weaker (B = 0.45, SE B = 0.05, p < .001). In the last equation (time
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pressure = 5), intention to remove has the weakest relation with bush-friendly
behaviour (B = 0.27, SE B = 0.09, p < .001), although the relationship is still
significant. Thus, for those who perceive much time pressure, intention to
remove has a relatively weak relation with bush-friendly behaviour.

Time pressure

Predicted value of bush-friendly behaviour
Intention to remove
Fig. 7.5 Regression lines for time pressure, bush-friendly behaviour, and
intention to remove.
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